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L Ioteodtjction. 

The pigeon pea, Oajmus hdicus Spreng., is one of the most widely cultivated 
pidses in India. The plant is a leguminous shrub and although it has long been a 
cultivated crop in India, it is doubtful if it occurs wild anywhere in this country. 
It has been reported to occur in the wild state in Africa in the region of the Upper 
Nile and in the coast districts of Angola. The plant appears to have been intro- 
duced into the West Indi® by the slave trade and has now been taken to Brazil, 
Guiana and most of the warm parts of the American continent. It was introduced 
into Australia about fifty years ago and grows well in the warmer parts of the 
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vegetable, for cultivation in the north-eastern area of New South Wales. If the 
view that the species is endeinic in Africa be acceptedj it is probable that the 
plant reached India by ancient traders trading on the route between Zanzibar, India 
and Ceylon. 

Hooker [1879] classifies the genus Cajanus into a single species 
Spreng.j but some authors have described two distinct species, 0, /toy and 0. 
ticofor, the former having a yellow standard and the latter having a yellow standard 
streaked with purple. According to Duthie and Fuller [1883] the form (A flavus 
is known under the name tur and is commonly cultivated in the Central Pro- 
vinces, while 0. 6/coZor is the '' of the United Provinces. Eoxburgh [1832] 

names the plant Cytisus Oajan Willd., and states that the flowers are yellow— his 
diagnosis is not very critical. Other diflerences between the two forms are that (7. 
fimus is described as a relatively small plant having only two to three seeds in a 
pod which is more spotted while 0 . bicolor is a larger plant with four to five seeds in 
the pods which are marked with dark streaks. The value of these characters will 
become apparent when we consider the classification of the 86 types which have 
been isolated at Pusa. 

The present research arose out of the investigation on (-he isolation of a wilt- 
resistant type of mhar. This work is the subject of another publication [McRae 
and Shaw, 1933] and while it is unlikely that a higher degree of resistance to 
disease than that which is present in the Type 80 (Ag) will be obtained in any 
other type of which is described in this paper, yet it is obviously desirable 

that air the possible pure lines in the crop should be tested for their reaction to 
the disease. This should afford some insight into the possible correlation of 
morphological characters with the physiological property of resistance and at the 
same time may give a choice of resistant types which differ in their agricultural 
; properties.:. 

It is impossible to make any reliable estimate of the extent to which Cajanus 
is cultivated in India. In official statistics it is placed under pulses and 
other food grains of which the total area in India in recent years has been approxi- 
mately 30 million acres. The crop is more extensively cultivated in Bihar, north 
Bengal and the eastern part of the United Provinces than in the more northerly 
tracts of India, the susceptibility of the plant to damage from frost limiting its 
cultivation in Northern India. It is frequently grown as a mixed crop with maize 
{Zea Mays) oijmr (Andropogon Sorghum) and as a rotation crop for cereals. When 
grown as a mixed crop with maize yields of 500 to l,500Mb. per acre can be 
obtained ; when grown as a pure crop the yields are approximately 800 to 1,800 
lb. per acre. The different types described in this paper vary considerably in 
yielding power and are being tested for this character. In Bihar and the ^United 
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Provinces of Agra and Oadh the crop is normally sown in July with the first rains 
of the monsoon and ripens about March; it thus occupies the land during one 
rainy season and one cold weather. The plant is hardy and requires little atten- 
tion in the field ; the crop, however, benefits greatly from inter-cultivation at 
the beginning of the cold weather and for this reason the erect types of 
which allow of the easy passage of bullocks and implements between the rows of 
plants are to be preferred to those with a bushy and straggling habit. Sowing 
is normally done in rows 2| to 3 feet apart. 

In India the grain is highly esteemed as a food both for man and cattle. The 
plant owes, however, a large measure of its popularity to the fact that it is a 
leguminous crop and consequently possesses valuable properties as a restorative 
of nitrogen to the soil. The roots also aerate the soil and sub-soil, and the 
vegetative parts add a lob of organic material to the soil by the enormous leaf . 
and flower shedding. It is this property which renders it an economic success, ; 
as otherwise the return from the crop is not commensurate with the length of time ' 
for which it occupies the ground. i 

II. Pollination. 

The biology of the plant in the Central Provinces has already been adequately | 
dealt with [Mahta and Dave, 1931] and it must be remembered that the observa- i 
tions in this paper apply to the conditions in Bihar. i 

Flowering extends over a very long period. In local Bihar varieties the first : 
flowers generally appear at the end of November or early in December and flowers ‘ 
are still being produced in March when the bulk of the crop is ripe. Self-pollina- ; 
tion, . as in many other plants of this order, is the rule, but crossing takes place 
freely, the plants having many insect visitors. Seed-setting is very largely ; 
dependent on the weather and is favoured by bright sunny days. Damp and i 
cloudy weather has a very adverse efiect on seed-setting and the yield of seed in ! 
Bihar is greatly reduced if dull weather prevails in January and February. An i 
estimate of the amount of natural crossing was made by Howard and others ; 
[1920], who state that the proportion of heterozygotes in the progeny £rom 
unbagged plants of a definite pure line was 2'26 per cent, when the estimation 
of heterozygotes was based on the characters of the flower. If the characters 
of the seed are also conadered the proportion rises to 6-6 per cent. Further 
observations in the seasons 1927-28 and 1929-30 made ou ten different cultures : 
grown on a large scale showed that the percentage of natural crossiug based on ! 
observations on flower colour, pod colour and plant habit ranged from 0'l6 to | 
7'69 per cent. The estimation of the proportion of heterozygotes depends upon | 
the ease with which the heterozygote can be distinguished from the type of the 
parent culture. This was most readily done in Type 16 in which the back of tiie. 


4 INDIAN JO0E3!TAL OJP AEBICULTIJEAL SCIENCE [III, I. 

standard is pure yellow witliout any red marks and in which this type of standard 
is recessive to forms having red marks on the standards. 


Percentages of mtuml crossing in rahar types. 



1927-28 

1929-30 

Type 

Percentage of 
crossing 

Number of plants 
examined 

Percentage of 
crossing 

' ' Number of plants, 
examined 

4 

5 2-6 

6,070 

7*59 

680 

. 6'-, ; 

0*14 

3,000 

0-69 

861 

16 

6-7 

2.238 

6*73 

1,427 ■ 

' 25 

0^99 

10249 

• » 

. . 

m 

P6 

4,720 

1*66 

1,086 

61 

2*9 

8,980 

6*S3 

,■600' 


0*09 

6,430 

, • 


7$ 

0*62 

18,093 

2*07 i 

770 

69 

0*66 

8,473 

1*04 ; 

.1,723 . 

82 

. 0-16 

6,618 

0*63 1 

881 


This experiment was carried with unbagged seed which had been obtained in 
1926-27 from cultures growing in lines among other cultures. The conditions were, 
therefore, exceptionally favourable for cross-fertilization. Much higher percentages 
of crossing have, however, been recorded in the Central Provinces. 

in. The mokphological chaeacters. 

(2) Height . — The height of types of rahar grown in Pusa ranges from 180 cm. 
up to 375 cm. In this classification plants up to a height of 225 cm. have been 
classed as short, between 225 and 325 cm. as medium in height, and above 325 cm. 
as tall. 

(2) Habit.~Th6 habit varies from a straggling bushy growth to an erect habit 
(Plate I) resembling that of the poplar tree, in which there is a main axis and the 
laterals grow' in a vertical direction. The angle which the secondary branches make 
with the main stem can be measured and afiords an easy method of distinguishing 
the different habits. Since the branches are generally curved at the base with the 
concave side towards the main stem, the actual angle at the axil does not give a 
reliable criterion of the habit and it is better to measure the angle made by a line 
joining a point at a certain definite height on the branch with the main axis at a 
point of origin of the branch (Pig. 1). The definite point on the branch which was 
chosen for this nieasurement was situated at a vertical height of 15 cm. above the 
horizontal plane through the axil of the branch. The measurement of this angle 
can be made very easily by means of an fshaped iron bar of which the short lim b 
is 16 cm. long, and the long limb is graduated in centimetres and millimetres. The 
size of the angle made by joining any point on the long limb to the end of the 
short limb can then be determined directly from a table of tangents. In using this 
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instrument the short iimb is placed in the axil of the branch as in Pig. 1, and the 
point at which the branch crosses the long limb is read ofi on the scale. In actual 
practice it is convenient to gi-aduate the long limb directly in angular differences and 
this was done in our work. 
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Ie erect types of ra/w tie average angle made by tie brancies witi tie main 
stem is from 20"" to 35° wiile in spreading types this angle varies from 40° to 
56°. The erect and spreading habits can also be distinguished by tie ratio of 

greatest breadth to height of the plant, i.e., — . This is about 0*3 to 
0*4 in erect types and in spreading plants may reach up to 0*8, but it varies with 
the spacing of the plants. 

Spreading plants may be divided into two classes according to the character of 
the branching., In one the branches are straggling and the flowering portion of the 
branch is long, nnbranehed and consjncuous, with few secondary and tertiary 
branches (Plate I, Type 62). In the other class the number of secondary and 
tertiary branches is much greater and the flowers are not distributed over such a 
length of the branch (Plate I, Type 80). These two habits are termed straggling 
and spreading respectively. 

Erect plants can also be divided into two classes according to the types of the 
inflorescence. 

According to habit, therefore, we may distinguish : — 

(1) Plants erect with inflorescence crowded (Plate I, Type 6). 

(2) Plants erect with inflorescence scattered. 

(3) Plants spreading with straggling branches (Plate I, Type 62). 

(4) Plants spreading with branches not straggling (Plate I, Type 80). 

(3) Stem colour and leaf -vein, —AH the types when young develop some red or 
purple colour on the stem and branches exposed to sunlight, which fades away 
after some time hut appears again when the plants are old. The amount of colour 
varies in different tj^pes and in difierent individuals of the same type to such an 
extent that we have not used this as a diagnostic character. 

In some types leaf-veins are green and develop no colour but in some they 
develop reddish purple colour mainly on the midrib. The amount of purple 
colour varies in different types and we have not attempted to use this character in 
the classification of the types. 

(4) Maturity . — Early types flower in Bihar from the first week of October till 
the third week of hTov ember and in these flowering is practically over by the end of 
January but a second flush of flowers often occurs. These types do not yield well 
in Bihar. The local Bihar varieties begin to flower during November and continue 
flowering up to the end of Eebruary or even until harvest. The long flowering 
season in rahar is a matter of inconvenience as the first formed pods split and shed 
their seed before harvest. The time of harvest is, therefore, a matter of judgment 
depending on the ratio of the amount of grain shedding to the number of late- 
formed pods. 
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(5) Flower colour.— The petals are yellow and flowers are classifie^^ according 
to the of this yellow and the degree and distrihiitioii of red colour on the 

standard. The red colour may be present in the veins or diS used on the dorsal 
side of the standard, it may form a complete covering to the back of the standard, 
masldng the yellow colour. The red veins generally radiate from the base of the 
standard. Eed colour may also be present as small dots on the margin of the 
dorsal side of the standard; to this condition we have given the name ” ringed 
The following types of flower are distinguished (Plate II) 

1. Dorsal side of standard yellow with few or no red marks at the base. 

1. Ventral side of standard very pale yellow, Types 1, 2, 3. 

2. Ventral side of standard pale yellow. 

(^) Dorsal side margin mth faint red dots, ix., ringed Type 4. 
(6) Dorsal side of standard not ringed, Types 5-10. 

3. Ventral side of standard deep yellow, Types 11-25. 

II. Dorsal side of standard yellow with red veins radiating from base of 

standard. 

A. Very slight or no difiiised red colour at the base of dorsal side of 

standard. 

1. Ventral side of standard pale yellow, Types 26-28. 

2. Ventral side of standard deep yellow. Types 29-65. 

B. Eed colour present as a diffused half ring at the base of dorsal side 

of standard. 

1. Ventral side of standard pale yellow, Types 66, 67. 

2. Ventral side of standard deep yellow, Types 68-71. 

3. Ventral side of standard orange, Types 72-74. 

C. Eed colour diffused on dorsal side of standard and red veins 

distinct. 

1. Ventral side of standard pale yellow, Type 75. 

2. Ventral side of standard orange, Types 76-79. 

III. Eed colour diffused on dorsal side of standard, red veins generally not 

visible. 

A. Eed colour existing in patches, Types 80-82. 

B. Eed colour uniformly covering dorsal side of standard. 

{a) Dorsal side of standard light red, Type 83. 

(6) Dorsal side of standard deep crimson. 

1, Ventral side of standard pale yellow, Types 84, 85. 

2. Ventral side of standard deep yellow, Type 86. 

(6) Inflorescence , — The inflorescence may be open or closed. In the open type 
flowers are borne at fairly long internodes and in the closed types the flowering 
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brandies arise dose together at the end of a branch. This latter type is described 
as “ crowded ” in contrast with the open or scattered type. The inflorescence in 
both cases is a raceme. 

(7) Pods.— The pods vary in size, colour and shape. The length ranges from 

to 8‘5 cm. ; pods from 4 to 6'8 cm. are classed as short, from 5-8 to 7'4 cm. as 
medium and above 7*4 cm. as long. The breadth of pods ranges from 0'6 to 1'4 cm., 
breadths below 0*85 cm. are called narrow, from 0'85 to Tl cm. medium, and above 
I'l cm. broad. Pods in the unripe stage are either green or green with black or 
red markings which may be so extensive as to cover tho pod completely, naasking 
the green colour. Pods are sometimes constricted between the seeds and such pods 
are called beaded ” in contrast with pods which are not constricted and which are 
termed not beaded. Pods are crowded or scattered according as the inflorescence 
is of the closed or open type. 

The following classes of pods may be distinguished according to colour 
(PlateUI);— 

I. Pods green with or without a few black spots. 

II. Pods green and red. 

A. Bed colour in streaks. 

B. Bed colour difiused over whole pod leaving green colour in streaks 
and patches. 

III. Pods green and black. 

A. Black colour in streaks. 

B. Black colour diffused leaving green streaks. 

0. Black colour covering whole pod, no green visible. 

{8) Seed.— The seed varies in shape, colour and size. Shape may be round or 
lens-shaped, colour ranges from white to deep purple and black. 

The following types of seed have been distinguished (Plate IV) : — • 

(1) Seed coat white with grey patch round the hilum, mass colour white, 

• e.g., Types 11, 29. 

(2) Seed coat silver-white with numerous small faint grey marks • mass 

(3) Seed coat silver-white with numerous small faint brown dots ; mass 
colour silver-white, e.^.. Type 7. 

(4) Seed coat silver-white with heavy grey markings and some brown 

spots ; mass colour silver-white with a brown tinge, e.g., Types 1, 
20,26,28,31. 

(5) Seed coat brownish fawn, e.g.. Types 3, 9, 82. 
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(7) Seed coat light fawn background with brown markings ; mass colour 
faint brown, e.£r., Types 8, 21, 36, 66. 

{8) Seed coat uniform dark olive-grey, e.g., Type 63. 

(9) Seed coat dark olive-grey nearly covered with black markings, e.r/., 
Types 25, 66. 

( 10 ) Seed coat uniform light silver-fawn, e.^., Typo 35. 

(11) Seed coat fawn with brown markings; mass colour light brown to 

yellowish brown, e.£f., Types 49, 66, 81, 22, 68. 

(12) Seed coat brownish red, e.g.. Types 62, 10, 72. 

(13) Seed coat silver-white with purple markings, e.g.. Types 73, 70, 78. 

(14) Seed coat black, e.^r., Types 74, 79. 

IV. Key to the types. 

la classifying the types we have given first importance to the characters of 
flower, seed and pod. Characters such as habit, time of maturity and stature 
afford less reliable taxonomic criteria as they are to a certain extent influenced by 
the environment. 

I. Flowers^ — dorsal side of the standard with a few or no red marks. 

1. Ventral side of the standard very pale yellow. 

A. Seed coat silver-white with fairly heavy brown spots, mass colour 

silver- white with faint brown tinge. 

(a) Seed round . . . . . . . Type 1 

(b) Seed lentil-shaped . . . . . Type 2 

B. Seed coat brownish fawn . . . . . Type 8 

2. Ventral side of the standard pale yellow. 

A. Seed coat silver-white with faint grey markings, 

mass colour silver-white. 

(a) Dorsal side of standard “ ringed ”, i.e., with red 

dots on margin, pods green . . . . Type 4 

(b) Dorsal side of staidard not ringed, pods green 
with black strealm. 

(i) Pods crowded, plants erect . . . Type 5 

(ii) Pods scattered, plant habit straggling . Type 6 
B. Seed coat silver-white with numerous small faint 

brown dots, mass colour silver-white . . . T 3 T)e 7 

€. Seed coat with light fawn badiground, nearly 
covered with brown markings, mass colom faint 
brown . . - • • • • • Type 8 

D. Seed coat brownish fawn . • • * • Type 9 

B. Seed coat b . - • • • Type 10 
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3. Ventral side of the standard deep yellow. 

A. Seed coat white, with grey patch round the hilum, 


hilum brown, mass colour white. 

(a) Habit erect . . . . • • Type 11 

(b) Habit spreading . . . . • • Type 12 

B. Seed coat silver- white with munerous small faint 

grey marks, mass colour silver- white. 

(a) Pods green • Type 13 

(b) Pods green with black streaks 

(i) Pods crowded . . . . • Type 14 

(ii) Pods scattered 

(1) Plant habit erect 

fSeed small. . . . . Type 15 

ffSeed large . . . • . Type 16 

(2) Plant habit spreading 

(a) Pods beaded 

f Plants medium in height . Type 17 

tfPlants tall . . . . Type 18 

(b) Pods not beaded . . . Type 19 


0. Seed coat silver- white with heavier grey markings 

than Types 13-19 and with brown spots ; mass 

colour silver- white with faint brown tinge . . Type 20 

D. Seed coat with light fawn background, nearly 

covered with brown markings, mass colour faint 

brown . . . . , . . . Type 21 

E. Seed coat with fawn background having brown 

markings ; mass colour brown. 

(a) Pods red with green streaks . . . . Type 22 

(b) Pods green with black streaks . . . Type 23 

E. Seed coat uniform greyish fawn . . . . Type24 

G. Seed coat dark olive-grey, nearly covered with 

y . black markings . . . . . . . Type 25 

II. Elowers— dorsal- side of standard with red veins. 

A. Very slight or no diffused red colour at the base of 
dorsal side of standard. 

1. Ventral side of the standard pale yellow. 

(a) Seed coat silver-white with heavy greymark- 
ings and some brown spots ; mass colour silver- 
■ - white with faint brown tinge. 
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(ii) Pods short and seed lentil-shaped. 

(a) Seed medium . . . . . Type 27 

(b) Seed small . . . . . Type 28 

2. Ventral side of the standard deep yellow, 

(a) Seed coat white with grey patch round the 

hilum ; hilum brown ; mass colour white . Type 29 

(b) Seed coat silver-white with numerous small 

faint grey dots ; mass colour silver-white . Type 30 

(c) Seed coat white with hea'V’ier grey and brown 

spots than Type 30 ; mass colour silver-white 
with faint brown tinge. 

(i) Pods green with black streaks. 

f Plant habit straggling, pods beaded . Type 31 

ff Plant habit spreading, pods not beaded. Type 32 

(ii) Pods black. 

■jSeed small . . . * . . Type 33 

ifSeed medium . . . , . Type 34 

d. Seed coat uniform light silver-fawn . . Type 35 

e. Seed coat light fawn background with brown 

markings ; mass colour fawn to faint brown. 

(i) Pods green . . . . . . Type 36 

(ii) Pods red with green streaks . . . Type 37 

(iii) Pods green with black streaks. 

f Early in maturity. 

*Pods not beaded . . . . Type 38 

**Pods beaded . . . . . Type 39 

tfLate in maturity. 

(a) Plants medium in height . . Type 40 

(b) Plants tali . . . . . Type 41 

(iv) Pods black with green streaks . . . Type 42 

f. Seed coat brownish fawn. 

I, Pods green with black streaks. 

1. Plant habit straggling , . . Type 43 

2. Plant habit spreading. 

(a) Plants early in maturity, pods 

not beaded .... Type 44 

(b) Plants late. 

fPods not beaded ... . Type 46 

■f fPods beaded » . * Type 46 
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n. Pods Hack. 

(i) Plant habit errect, plants late in 

maturity, pods beaded . . . 

(ii) Plant habit spreading, plants early in 
maturity, pods not beaded 

(g) Seed coat with fawn background having brown 
markings, mass colour light brown to yellow- 
ish brown. 

(i) Pods green . . . 

(ii) Pods red with green streaks. 

1. Seed medium . . . . . 

2. Seed large . . . . 

(iii) Pods green with black streaks. 

L Plant habit erect . 

2. Plant habit spreading. 
fPlants early in maturity . 
ttPlants late in maturity. 

* Pods not beaded. 

(a) Plants tail. 

(i) Seed small . . 

(ii) Seed medium 

(b) Plants medium in height. 

(i) Seed small . . . 

(ii) Seed medium 

** Pods beaded . . . 

(iv) Pods black having green streaks. 

1. Habit erect, late in maturity. 

(a) Plants tall . . 

(b; Plants medium in height 

2. Habit spreading, early in maturity . 

(h) Seed coat brownish red . . . . 

( i) Seed coat dark olive-grey. 

(i) Pods green with black streaks . . 

(ii) Pods black having green streaks 

(k) Seed coat dark olive-grey nealrly covered with 
black markings . , , , . . 


Type 47 
Type 48 

Type 49 

Type 60 
Type 61 

Type 62 

Type 63 


Type 64 
Type 65 

Type 66 
Type 67 
Type 68 


Type 69 
Type 60 
Type 61 
Type 62 

Type 63 
Type 64 

Type 65 


types oe Gajamis indicus 

Bed colour present as a diSused half ring at the base of 

dorsal side of standard. n j * 

1 Ventral side of standard pale yellow. Seed 

with light fawn background, nearly covers wi 
brown markings; mass colour faint brown. 

(i) Pods not beaded . • • 

(ii) Pods beaded . . • • ’ ' 

2 Ventral side of standard deep yellow. 

(i) Socd coat fawn with brown maddngB; ma® 

colour light_ brown. ^ j i 4.1 

t Pods green, medium in size, seed lentU- 

shaped • • v ' ’ , 

t+ Pods green with black streaks, large , see 

round . • • ' , ■i.-u 

(ii) Seed coat very deep purple, 

silver-white background rarely showing. 

t Pods green, black streaks slight • v 

tt Pods green, black streaks heavy 
3. Ventral side of standard orange. 

(a) Seed coat uniform brownish | ^ 

brown to purplo, ma«> oolonr *o«oW; “. 

(b) Seed coot with mivet-wMtebaokgronnahnvmg 

very heavy purple markings • 

(c) Seed coat black • • ' * , ^ , 

C. Bed colour diffused over the whole dorsal side osan- 

ard and red veins distinct. 

1 Ventral side of standard pale ye ow 

having very heavy purple markmgs. 

(iV Pods green . • ■ ’ 

'’“^Tul-br^hg.o- nl- 

‘‘'“tr.r:titrUp-p»" ; 

^t.^ Seed coat black . 
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Type 66 
Typed? 


Type 68 
Typ® 69 


Type 70 
Type 71 


Type 72 


Type 73 
Type 74 


Type 75 


Type 76 
Type?? 


Type ?8 
Type 79 
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Red colour diSused on dorsal side of standard, red veins 

PII, 

generally not visiMe. 

A. Red colour existing in patches. 

1. Seed coat light fawn with faint brown markings, 
mass colour light fawn, pods not beaded 

Type 80 

2. Seed coat fawn with brown markings, mass colour 
yellowish brown, pods not beaded 

Type 81 

3. Seed coat brownish fawn, pods beaded . 

. 

Type 82 

B. Red colour uniformly covering the dorsal side 
standard. 

1. Dorsal side of the standard light red . . 

of 

Type 83 

2. Dorsal side of the standard crimson. 

(i) Ventral side of standard pale yellow, 
a. Pods green with black streaks . 


Type 84 

b. Pods black with green streaks 

• 

Type 85 

(ii) Ventral side of standard deep yellow 

• 

Type 86 

V, Orioin oe the tyres. 




Places from where the original seed was obtained. 


Type 

No. 

Place 

District 

Province 

1 

Khubia t . . 

Khulna , , . , , 

Bengal. 

2 

Jessor© , , , , 

Jessore . . . . 



Tatkon • , . « . . 

Yamethin , . • 

Burma. 


■Pusa . " ", ' , ' 

Darbhanga , 

Bihar and Orissa. 


'■»>, , , .. 


»» ■■ 

6 

« ' •' ' ' ■* • ' i 

*9 • ■ • • • 

»> 

7 

Haveri . , , , . 

Dharwar . ... 

Bombay. 


Wardha . . , . 

Wardha . . 

Central Provinces. 

8 

Gorakiipm: .... 

Gorakhpur , . 

United Provinces. 

America. 
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Tvp© 

No. 

' Piaco , 

, District^ 

Province 

10 

Nacliad • 



Kaira 



Bombay. 

11 

E^usa . ' , » - , 


. 

Darbhauga 


• 

Bihar and Orissa. 

12 

A,l..igarii, , ' ',,■ *■.,, '•■ 


• 

Aligarh . . 


- 

United Provinces. 

'13'" 

Piisa' . . ■ V '■' ., 


• 

Barbhauga , . 


• 

Bihar and Orissa. 

14 . 

»> ■ ■ • ■ • ■ * 


• 

.■„■»■ .■,,,*■■ . 


• 

9f \ 

'■,'15 

»» ■ , ,'■■*,■■, ■ ■,* ■ :, • 



>, ■ ■ 

.» ■■ 

• 

.,,,, ■■»,'■■■, 


Nagpur .,■■■■ . , ■ *■ ■■■ 


. 

Nagpur . V 

, : » / 

• 

Central Provinces. 


Sepaya ^ ■.' ■" 



Saram . i > 


• 

Bihar and Orissa. 


Pusa ■■..,'. ■. . ' ■ . 


• 

Darbhanga . . 


• 

,■■,■■ 99 

■■:i7'' 

„■ ■ ■■ .■ ,' ■■■„,-■'' ■■'■:*' 


• 

■ * . * 


'■■"■*■ 

9$ 

,",■''18,',..', 

'»!»,■■■■*, ■ * * , 

• 


99 ' ■ ■., *■■■■'. 


* 

'■>»',■ 

'''■■'' 19; 

B^ulandslialir ' . 


. .. 

Bulaudshahr , 


• 

United Provinces. 

•■ , ,20 ,'■'■ 

A,6medabad 



Ahmedabad . 


• 

■ Bombay. ■'■■,■'■■ , 

.. 

Nadiad "• , ,■* ,, , . 

* 


Kaira • • 


• 

99 

^ ; :21 '„ ■ 

■Aligarii 

■« 

* 

Aligarh . . • 


■■■■•,■ 

United Provinces. 

■ ':-22 '■ 

Pusa" ',■■ . ,■ ■ ,■','* 


■■■'■■,■. 

Darbhanga • . 


• 

Bihar and Orissa. 

',' '■■n'""" 

>» ■ ■ • ■ ;• ■ * ■ 


• 

, : , » ■■'■'■ .• ■'■ ,„ „ *■ 



■, »■,, 

;;'24 ' 

^ * .' ■ ' .'■■ ■' . 



» ■ * 



■,»»■■■„,■„■■■ 

', ' ",25'., 

Coimbatore . 



Coimbatore , > 


:' -■ 

Madras. 

■■26, " 

Comiila . 


r , 

Tippera 


• 

Bengal. 

,27'' 

■Dacca , ■ ■ . ■■ , ' ,.■'■ 


* 

Dacca A • • 


• 

99 

■,;' ,' 28' '■ 

■', ■ .■ 


, 

■^ if • ■■ *■ .■,,*'■'■■ .■■ ■'* " 



' 

' ■' '29,: 

Aligarh ,■ . ■ ■'■,■' *,■ , ■ ■:. 



Aligarh . • > 



United Provinces. 

'■'30 

■■Nadiad '• ■' ■', 


», 

Kaira , f • 



Bombay. 

31 

Ahmedabad / • 


■. ■, , 

Ahmedabad 


• 

■ »» ■ .■■■■.■, , 

32 

Nagpur . 



Nagpur . 


• 

Central Provinces. 


MursMdabad . 



Mujshidabad . 


• 

Bengal. j 

33 

Nadiad . 


■. 

Kaira . * 

• 

• 

Bombay. i 

34 

Nagpur . 



Nagpur , 

• 

• 

Central Provinces. : 

— 1 ■! 

— 0^ 
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District 


Province 


35 Pusa , 

36 Partabgarh 

37 Pusa 
Burdwan 

38 Pabna , 

39 Sabour , 

40 Mandalay 

41 Gorakhpur 
• V Mandalay 

42 Pnsa 

43 Nadiad . 

44 Kagpur . 

45 Pusa 


48 Xeotmal 

49 Muttra • 

50 Pusa 

61 Aligarh . 

62 Pusa . 

63 Dharwar 


* • Goimbatore 

. • Triehinopoly 

* • Bangalore 

* * Guntur , 

64 Sagaing . 

.. Sepaya , 

. . Mandalay 


Darbhanga 
Partabgarh 
Darbhanga 
Burdwan 
Pabna . 
Bhagalpur 
Mandalay 
Gorakhpur 
Mandalay 
Darbhanga 
Kaira . 
Kagpur 
I Darbhanga 


Yeotmal 


Darbhanga 

Aligarh . 

Darbhanga 

Dharwar 

Darbhanga 

Coimbatore 

Trichinopoly 

Bangalore 

Guntur , 

Sagaing * 

' Saran • 


Bihar and Orissa. 
United Provincos, 
Bihar and Orissa. 
Bengal. 


Bihar and Orissa. 
Burma. 

United Provinces. 
Burma. 

Bihar and Orissa. 
Bombay. 

Central Provinces. 
Bihar and Orissa. 


Central Provinces. 
United Provinces. 
Bihar and Orissa. 
United Provinces, 
Bihar and Orissa. 
Bombay, 

Bihar and Orissa. 
Madras. 


Mysore. 

Madras, 

Burma, 

Bihar and Orissa. 






TtMss of Oajanus indicus 

1? : 

Type 


Place 



District 

Proyince 

]no. 







Gorakhpur 




Gorakhpur * 

United Provinces. 

55 

Pusa 

* • 



Darbhanga . . , 

Bihar and Orissa. 


Cawnporo 

* « 



Cawnpore . . . . 

United Provinces. 

«*« 

Ooimhatore 

• * 



Ooimhatore . 

Madras. 

57 

Pusa 

• « 



Darbhanga • . . . 

Bihar and Orissa. ? 

■ 58 ' ;■ 

• 

M #■ 

0 


99 * • • • 

■''■*» i 


Samaikot 


# 


last Godaveri 

Madras. ' . j 

59 

Pusa 

« • 



Darbhanga 

Bihar and Orissa. ! 

" : , , j. 

' 1 

60 

»f * 

# ' • 



» • • • * 

n '■ [ 

1 

61 

Pooaa - 

HI ' m 



Poona » 

Bombay, 

62 

Nadiad . 

« « 



Kaira • 

. 99 

69 

Pusa 

• « 



Darbhanga . 

Bihar and Orissa, 

64 

j »> • 




99 • * • • 

» 

66 

>» • 

♦ • 



99 • * • • 

, M 

66 ' 

»> • 

■ * . • 

• 


»> * • • • 


67 

99' . * 

• * 



99 • • * * 


68 

Gorakhpur 




Gorakhpur . • * 

United Provinces, 

69 

Pusa 

* 



Darbhanga . * 

Bihar and Orissa. 


Bangalore 




Bangalore . • 

Mysore. 


Ohindwin 

* » 

S 


Ohindwin • * 

Burma. 

70 

Wardha , 

* 



Wardha * . • 

Central Provinces. 

71 

99 * 

• 



99 • • * * * 

■ ■ . ♦» . ' . 

72 

Pusa 

* # 



Darbhanga • . • 

Bihar and Orissa. 

'■7a'' 

Murshidahad • * 

# 


Murshidahad . 

Bengal, ; 

■■■■■. 1 

■ '.'74 

Gorakhpur 




Gorakhpur 

United Provinces, ( 

75 

Jessore 




Jessore - » * * 

Bengal, [ 

76 

Pusa 

■■■"•■,' 



Darbhanga . . * » 

Bihar and Orissa. 

77 

99 *■ 

f « 



99 * 

99 

78 

99 • 

■ ' m , ■ • 



99 : ■ / * ■ , ' ... .. . ■'* 

99 
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Type 

No. 

Place 

District 

'■.'Province 

79 

Pusa 




Darbhanga 




Bihar 'and Orissa.. 

80 





, ■ ' 

• *' ■ 



W'. . 

81 

Coimbatore 




Coimbatore 




Madras. 

82 

Pusa « 




Darbhanga 

^ * 



Bihar and Orissa, 

83 

Khulna . 
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Some of the types described in this paper have already been mentioned under 
different numbers or designated by letters in previous annual reports. The corres- 
pondence between the type number and the old designations is shown below 
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VII. DeSCBIPTION OF THE TYPES. ^ j 

T +«!! prn ) 68»rly. XiG9.V6S HlGdiuiIl ill S1JS6 I 

Type 7.— Plants spreading, ( branches. | 

(9'01x 3’41 cm.), midrib green, ^ r^inw with, few or no red marks, ventral j 
rlowets yellow, doisal Bide ol steo »i / ,rith ot witiont » few Hack «pot«, ' 
Bide very pale yellow. 71“ Seede round, large, wdgW 

not beaded, broad, medium ^ ^ite witl fairly besuy brown spot., masl 

of 100 seeds U'3 gnn«., seed coat silver wjino 

colour silver-white with faint brown tmge. , Leaves medium 

lyre 2.-PlantB spreading, mejum in J and 

in sine (lO'lO X 3-42 cmO, ,rith few or no x«l 

brancbes. Flower. S''"" ’ ^yellow. Pod. eeatteied. green with ot without a 

marks, ventral side very p 7 --n qWp (6 *^^ X 1*0 cm.). Seeds lentil- shaped,^ 

few black spots, J’ ^ ^s 12*1 grms., seed coat silver-white with fairly 

medium in size, weight o • w.^bite with faint hrown tinge, 

heavy brown spots, mass colour silver white w 
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Type 3.— Plants spreading, medium in height (300 cm.) early. Leaves narrow, 
medium in length (9*39 X 2*85 cm.), midrib green, distinct red colour on young 
stem and branches. Flowers yellow, dorsal side of standard yellow with few or 
no red marks, ventral side very pale yellow. Pods scattered, green with or 
without a few black spots, not beaded, medium in size (6*6 X 1*0 cm.). Seeds 
lentil-shaped, medium in size, weight of 100 seeds 11*6 grms., seed coat brownish 
fawn. 

^ spreading, tall (345 cm.), late. Leaves medium in size 

{9*42 X 3’23 cm,), midrib green, distinct red colour on young stem and branches. 
Mowers yellow, dorsal side of standard yellow and ''ringed i.e., with small red 
dots on margin, ventral side pale yellow having red markings at the base. Pods 
scattered, green, not beaded, short, narrow (5*6 X 0*8 cm.). Seeds lentil-shaped, 
small, weight of 100 seeds 9*0 grms., seed coat silver-white with numerous small 
faint grey dots, mass colour silver- white. 

Type 5.— Plants erect, medii^ in height (296 cm.), late. Leaves medium in 
size (9*95 X 3*44 cm.), midrib purple, faint red colour on young stem and branches. 
Flowers yellow, dorsal side of standard yellow with few or no red marks not 
" ringed side pale yellow. Pods crowded, green with black streaks, 
not beaded, narrow, medium in length (6*3 X 0*7 cm.). Seeds lentil-shaped, 
medium in size, weight of 100 seeds 9*5 grms., seed coat silver- white with numerous 
small faint grey markings, mass colour silver- white. ' 

Type d.— Plants .spreading with straggling branches,^^^^ in height 

(264 cm.), early. Leaves medium in size (8*22 X 3*09 cm.), midrib purple, distinct 
red colour on young stem and branches. Flowers yellow, dorsal side of standard 
yellow with few or no red marks, not " ringed ventral side pale yellow. Pods 
scattered, green with black streaks, not beaded, short, narrow (4*4 X 0*7 cm.). 
Seeds lentil-shaped, small, weight of 100 seeds 9*0 grms., seed coat silver-white 
with numerous small faint grey markings, mass colour silver-white. 

Type 7.— Plants spreading, medium in height (259 cm.), early. Leaves short, 
medium in breadth (7*88 X 3*04 cm.), midrib light purple, distinct red colour on 
young stem and branches. Flowers yellow, dorsal side of standard yellow with 
few or no red marks, ventral side pale yellow. Pods scattered, green with black 
streaks, not beaded, medium in size (6*2 X 0*9 cm.). Seeds lentil-shaped, small 
weight of 100 seeds 10*6 grms., seed coat silver-white with numerous small faint 
brown dots, mass colour silver-white. 

Type ^.—Plants erect, tall (346 cm.), late. Leaves large (10*88 X 4*04 cm.), 
midrib green, faint red tinge on young stem and branches. Flowers yellow, dorsal 
side of standard yellow with few or no red marks, ventral sjde pale yellow. Pods 
scattered, green with or without a few black spots, not beaded, medium in length, 
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narrow (6*2 X 0’8 cm.). Seeds lenfcil-shaped, medium in size, weight of 100 seeds 
lO'S grms., seed coat with light fawn background nearly covered with brown 
markings, mass colour faint brown. 

Type d . — Plants spreading, medium in height (274 cm.), late. Leaves large 
(10’95 X 3'89 cm.), midrib green, distinct red colour on young stem and branches. 
Flowers yellow, dorsal side of standard yellow with few or no red marks, ventral 
side pale yellow. Pods scattered, green with or without a few black spots, not 
beaded, medium in length, broad (6'8 X 1'4 cm.). Seeds lentil-shaped, medium in' 
size, weight of 100 seeds 12‘8 grms., seed coat brownish fawn. i 

Type 10 . — Plants spreading with straggling branches, taU (336 cm.), early.: 
Leaves broad, medium in length (10’26 X 3‘96 cm.), midrib green, distinct red 
colour on young stem and branches. Flowers yellow, dorsal side of standard 
yellow with few or no red marks, ventral side pale yellow. Pods scattered, green 
with or without a few black spots, beaded, medium in size (7‘0 X I'O cm.). 
Seeds lentil-shaped, medium in size, weight of 100 seeds 10*3 grms., seed coaf 
brownish red. [ 

Type i7.— Plants erect, medium in height (313 cm.), late. Leaves medium in 
size (10'72 X 3‘61 cm.), midrib light purple, distinct red colour on young sten 
and branches. Flowers yellow, dorsal side of standard yellow with few or no re< 
marks, ventral side deep yellow. Pods scattered, green with or without a fe'v 
black spots, not beaded, short, narrow (5'8 X 0‘8 cm.). Seeds lentil-shaped, small 
weight of 100 seeds 11 grms., seed coat white with grey patch round the hilurc( 
Hlum brown, mass colour white. j 

12. — Plants spreading, medium in height (319 cm.), late. Leav® 

medium in size (8‘61 X 3-21 cm.), midrib purple, distinct red colour on young steij 
and branches. Flowers yellow, dorsal side of standard yellow with few or no rei 
marks, ventral side deep yellow. Pods scattered, green with or without a fei 
black spots, not beaded, short, medium in breadth (S'S X 0'9 cm.). Seeds lentil 
shaped, small, weight of 100 seeds S'S grms., seed coat white with grey patq 
round the hilum, hilum brovTi, mass colour white. i 

13. — Plants erect, medium in height (298 cm.), late. Leaves medium i 
size (10-37 X 3'61 cm.), midrib green, distinct red colour on young stem an 
branches. Flowers yellow, dorsal side of standard yellow with few or no re 
marks, ventral side deep yellow. Pods scattered, green with or without a few blar 
spots, not beaded (somewhat beaded), medium in size (6-6 X 0-9 cm.). See(: 
round, medium in size, weight of 100 seeds 12-2 grms., seed coat silver-white wi i 
numerous small faint grey marks, mass colour silver-white. 

Tppe 14 .— Plants erect, medium in height (300 cm.), late. Leaves medium 
size (10-66 X 3-79 cm.), midrib purple, faint red tinge on young stem and branch^ 
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Flowers yellow, dorsal side of standard yellow with few or no red marks, ventral 
side deep yellow. Pods crowded, green with black streaks, not beaded, short, 
narrow (5'8x0'8 cm.). Seeds lentil-shaped, medium in size, weight of IGO seeds 
9’9 grms., seed coat silver- white with numerous small faint grey marks, mass 
colour silver-white. 

Type 15.— Plants erect, medium in height (286 cm.), late. Leaves long and 
medium in breadth (ll-15x3-68 cm.), midrib light purple, distinct red colour 
on young stem and branches. Flowers yellow, dorsal side of standard yellow with 
few or no red marks, ventral side deep yellow. Pods scattered, green with black 
streaks, not beaded, short, narrow (6’7X0'8 cm.). Seeds lentil-shaped, small, 
weight of 100 seeds 9‘3 grms., seed coat silver-white with numerous small faint grey 
marks, mass colour silver-white. 

Type 16.— Plants erect, tall (340 cm.), late. Leaves large (10'81x4‘0 cm.), 
midrib light purple, distinct red colour on young stem and branches. Flowers 
yellow, dorsal side of standard yellow with few or no red marks, ventral side deep 
yellow, deep red markings at the base of wings. Pods scattered, green with black 
streaks, not beaded, broad, medium in length (6’8 x 1'2 cm.). Seeds . round, large, 
weight of loo seeds 16‘6 grms., seed coat silver-white with numerous small faint 
grey marks, mass colour silver-white. 

Type 17 . — Plants spreading, medium in height (270 cm.), late. Leaves 
medium in size (9'45 x3‘02 cm.), midrib light purple, distinct red colour on young 
stem and branches. Flowers yellow, dorsal side of standard yellow with few or no 
red marks, ventral side deep yellow. Pods scattered, green with black streaks 
beaded, short, narrow (5'4x0'8 cm.). Seeds lentil-shaped, small, weight of 100 
seeds 8‘1 grms., seed coat silver-white with numerous small, faint grey marks, 
mass colour silver-white. 

Type 76.— Plants spreading, tall (332 cm.), late. Leaves medium in size 
(9'78x3‘24 cm.), midrib purple, young stem and branches appearing reddish purple. 
Flowers yellow, dorsal side of standard yellow with few or no red marks, ventral 
side deep yellow. Pods scattered, green with black streaks, beaded, short, medium 
in breadth (6'4x0'9 cm.). Seeds lentil-shaped, small, weight of 100 seeds 10 grms., 
seed coat silver-white with numerous small faint grey marks, mass colour silver- 
white. 

Type 79.— Plants spreading, medium in height (275 cm.), late. Leaves 
medium in size (9-34x3-34 cm.), midrib light purple, distinct red colour on young 
stem and branches. Flowers yellow,|dofsal side of standard yellow with few or no 
red marks, ventral side deep yellow. Pods scattered, green with black streaks, not 
beaded, short, narrow (4'8 xO-8 cm.). Seeds lentil-shaped, small, weight of 100 


Oajanus indicus 2S 

seeds 7 gms., seed coat silver- wMte witb numerous small faint grey marks, mass 
colour siiver-wMte. 

Type Plants spreading, with straggling branches, medium in height (270 
cm.), early. Leaves medium in size (8*52 X 3*6 cm.), midrib green, distinct red 
colour on young stem and branches. Flowers yellow, dorsal side of standard yellow 
with few or no red marks, ventral aide deep yellow. Pods scattered, green with or 
without a few black spots, beaded, medium in size (6*2 x 1*0 cm.). Seeds lentil- 
shaped, medium in size, weight of 100 seeds 11*3 ’grms., seed coat silver-white 
with heavier grey markings than Types 13 to 19 and with brown spots, mass colour 
silver- white with faint brown tinge. 

Type 21 . — Plants spreading, medium in height (313 cm.), late. Leaves medium 
in size (9*68x3*17 cm,), midrib green, distinct red colour on young stem and 
branches. Flowers yellow, dorsal side of standard yellow with few or no red 
marks, ventral side deep yellow. Pods scattered, green wither without a few 
black spots, not beaded, short, narrow (5*0x0*8 cm.). Seeds lentil-sbaped, small, 
weight of 100 seeds 9*0 grms., seed coat with light fawn back-ground nearly 
covered with brown markings, mass colour faint brown. 

22.— Plants erect, medium in height (320 cm.), late. Leaves long and 
medium in breadth (ll‘82 x 3’59 cm.), midrib green, faint red tinge on young stem 
and branches. Flowers yellow with few or no red marks, ventral side deep yellow. 
Pods scattered, red with green streaks, not beaded, medium in size (7*2 X 1*0 cm.). 
Seeds round, medium in size, weight of 100 seeds 13*9 grms., seed coat with fawn 
background, having brown markings, mass colour brown. 

Tjrpc 23.— Plants erect, medium in height (300 cm.), late. Leaves broad and 
medium in length (10*33 x4*14 cm.), midrib light purple, distinct red colour on 
young stem and branches. Flowers yellow, dorsal side of standard yellow with few 
or no red markings, ventral side deep yellow. Pods scattered, green with black 
streaks, beaded, short, medium in breadth (6*8x0 ’9 cm.). Seeds lentil-shaped, 
medium in size, weight of 100 seeds 12*2 grms., seed coat with fawn background 
having brown markings, mass colour brown. 

Type 24 . — Plants spreading, medium in height (288 cm.), late. Leaves medium 
in size (10*69 x 3*62 cm.), midrib light purple, distinct red colour on young stem 
and branches. Flowers yellow, dorsal side of standard yellow with few or no red 
marks, ventral side deep yellow. Pods scattered, green with black streaks, beaded, 
short, narrow (6*6 X 0*8 cm.). Seeds lentil-shaped, medium in size, weight of 100 
seeds 8*8 grms., seed coat uniform greyish fawn. 

Type 25 . — Plants spreading, medium in height (311 cm.), late, Leaves medium 
in size (10*17x3*41 cm.), midrib green,, faint red tinge on young stem and branches. 
Flowers yellow, dorsal side of standard yellow with few or no red marks^ ventral 
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side deep yellow. Pods scattered, green with or without a few black spots, not 
beaded, medium in length, narrow (6‘2x0‘8 cm.)* Seeds lentil-shaped, medium in 
size, weight of 100 seeds 8*0 grms., seed coat dark olive-grey nearly covered with 
black markings. 

Sd.—Plants spreading, tall (374 cm.), early. Leaves medium in size 
(10*06 X 3*39 cm.), midrib light purple, distinct red colour on young stem and 
branches. Flowers yellow, dorsal side of standard yellow with clear red veins 
radiating from base but having no ring of diffused red colour at base, ventral side 
pale yellow, red markings present at the base of wings. Pods scattered, green 
with black streaks, not beaded, broad, medium in length (7'Oxl'l cm.). Seeds 
round, medium in size, weight of 100 seeds 13*2 grms,, seed coat silver-white with 
heavy grey markings and some brown spots, mass colour silver-white with faint 
brown tinge. 

27. -—Plants spreading, tall (327 cm.), early. Leaves medium in size 
(10*10x3*29 cm.), midrib light purple, distinct red colour on young stem and 
branches. Flowers yellow, dorsal side of standard yellow with red veins radiating 
from base but having no ring of diffused red colour at the base, ventral side pale 
yellow, red markings present at the base of wings. Pods scattered, green with 
black streaks, not beaded, short, medium in breadth (5*7 X 1*0 cm.). Seeds lentil- 
shaped, medium in size, weighfc of 100 seeds 8*2 grms., seed coat silver-white with 
heavy grey markings and some brown spots, mass colour silver- white with faint 
brown tinge, 

fypc 25.-- Plants spreading, medi^ (300 cm.) early. Leaves nar- 

row, medium in length (9*4 x2*85 cm.), midrib light purple, faint red tinge on 
young stem and branches. Flowers yellow, dorsal side of standard yellow with 
clear red veins radiating from base but having no ring of diffused red colour at the 
base, ventral side pale yellow, red markings present at the base of wings. Pods 
scattered, green with black streaks, not beaded, short, medium in breadth 
(6*5 X 1*0 cm.). Seeds lentil-shaped, small, weight of 100 seeds 7*4 grms., seed coat 
silver-wbite with heavy grey markings and some brown spots, mass colour silver- 
white with faint brown tinge. 

Type 2S.— Plants erect, tall (356 cm.), late. Leaves medium in size (9*86 X 
3*45 cm.), midrib light purple, distinct red colour on young stem and branches. 
Flowers yellow, dorsal side of standard yellow with faint red veins radiating from 
base but having no ring of diffused red colour at the base, ventral side deep 
yellow, clear red markings present on the wings, on the ventral base of standard 
and on staminal tube; red dots on the margin of standard. Pods scattered, 
green with a few small black streaks at the base, not beaded, short, narrow (5*6x 
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0-8 cm.). Seeds lentil-shaped, small, weight of 100 seeds 7-3 grms., seed coat white 
with grey patch lonnd the hilum, hilnm brown, mass colour white. 

Type 30.— Plants spreading with straggling branches, medium in height 
(308 cm.), early. Leaves medium in size (8-86 x 37 cm.), midrib light purple, dis- 
tinct red colour on young stem and branches. Flowers yellow, dorsal side of stand- 
ard yellow with clear red veins radiating from base but having no ring of diffused 
red colour at the base, ventral side deep yellow. Pods scattered, green with black 
streaks, beaded, medium in size (OffxrO cm.). Seeds round, medium in size, 
weight of 100 seeds 10‘4 grms., seed coat silver-white with numerous small faint 
grey dots, mass colour silver-white. 

Type 31 . — Plants straggling, medium in height (265 cm.), early. Leaves 
medium in size (8'21 X 3’23 cm.), midrib light purple, faint red tinge on young stem 
and branches. Flowers yellow, dorsal side of standard yellow with faint red veins 
radiating from base but having no ring of diffused red colour at the base, ventral 
side deep yellow. Pods scattered, green with black streaks, beaded, short, medium 
in breadth (6‘4x0'9 cm.). Seeds lentil-shaped, medium in size, weight of 100 seeds 
11‘1 grms., seed coat white background with heavier grey and brown spots than 
Type 30, mass colour silver- white with faint brown tinge. 

Type 32 . — Plants spreading, medium in height (250 cm.), early. Leaves 
small (6'98x3'0 cm.), midrib light purple, distinct red colour on young stem and 
branches. Flowers yellow, dorsal side of standard yellow with clear red veins 
radiating from base but having no ring of diffused red colour at the base. Ventral 
side deep yellow. Pods scattered, green with black streaks, not beaded, 
short, medium in breadth (5-5 X 0'9 cm.). Seeds lentil-shaped, medium in size, 
weight of 100 seeds 10'4 grms., seed coat white with heavier grey and brown spots 
than Tyxje 30, mass colour silver-white with faint brown tinge. 

Type 33 . — Plants spreading, medium in height (266 cm.), early. Leaves small 
(6‘89x2"72 cm.), midrib green, distinct red colour on young stem and branches. 
Flowers yellow, dorsal side of standard yellow with clear red veins radiating from 
base but having no ring of diffused red colour at the base, ventral side deep yellow, 
clear red markings present at the base of wings and on the ventral base of stand- 
ard. Pods scattered, black, not beaded, short, medium in breadth (5-5 XO'9 cm.). 
Seeds lentil-shaped, small, weight of 100 seeds 8T grms., seed coat white with 
heavier grey and brown spots than Type 30, mass colour silver- white with faint 
brown tinge. 

Type 34.— Plants spreading, medium in height (290 cm.), early. Leaves 'small 
(7 •48 x 2-87 cm.), midrib light purple, distinct red colour on young stem and 
branches. Flowers yellow, dorsal side of standard yellow with clear red veins 
radiating from base but having no ring of diffused red colour at the base, ventral 




* 


26 


INDIAN JOXIRNAIi OB' AGEIO0LTDEAL SCIBNGB 


[HI, I. 


W! 

« 'r 



side deep yellow. Pods scattered, black, not beaded, medium in size (6-4 x l -0 cm.). 
Seeds lentil-sbaped, medium in size, weight of 100 seeds 10'6 grms., seed coat white 
with heavier giey and brown spots than Type 30, mass colour silver-white with 

faint brown tinge. 

Type, 35."— -Plants spreading, tall (343 cm.), late. Leaves broad and medium 
in length (10-4X 3-83 cm.), midrib light purple, young stem and branches appearing 
reddish purple. Flowers yellow, dorsal side of standard yellow with red veins 
radiating from base but having no ring of diffused red colour at the base, ventral 
side deep yellow. Pods scattered, green with black streaks, beaded, short, narrow 
(5*6x0*8 cm.). Seeds lentil shaped, small, weight of 100 seeds 8*4 grms., seed coat 
uniform light silver-fawn. 

36.— Plants spreadin^^ cm.), late. Leaves medium in size 

(9*08 X 3-37 cm.), midrib green, distinct red colour on young stem and branches. 
Flowers yellow, dorsal side of standard yellow with red veins radiating from base, 
but having no ring of diffused red colour at the base, ventral side deep yellow. 
Pods scattered, green, with or without a few black spots, not beaded, short, narrow 
(6'2x0*7 cm.). Seeds lentil-shaped, small, weight of 100 seeds 7*1 grms., seed coat 
light fawn background with brown markings, mass colour fawn to faint brown. 

Type 37 , — .Plants erect, medium in height (305 cm.), late. Leaves long and 
medium in breadth (11*1x3*51 cm.), midrib light purple, faint red tinge on young 
stem and branches. Flowers yellow, dorsal side of standard yellow with red veins 
radiating from base, ventral side deep yellow. Pods scattered, red with green 
streaks, not beaded, medium in size (6*9 X 1*0 cm.). Seeds lentil-shaped, medium 
in size, weight of 100 seeds 7*7 grms., seed coat , light fawn background with 
brown markings, mass colour fawn to faint brown. 

33.— Plants spreading, medium in height (298 cm.), early. Leaves me- 
dium in size (9*09X3*1 cm.), midrib light purple, distinct red colour on young stem 
and branches. Flowers yellow, dorsal side of standard yellow with red veins 
radiating from base but having no ring of diffused red colour at the base, ventral 
side deep yellow. Pods scattered, green with black streaks, not beaded, short, 
narrow (5*1 X 0*8 cm.). Seeds lentil-shaped, small, weight of 100 seeds 7*4 grms., 
seed coat light, fawn background with brown markings, mass colour fawn to faint 
brown. 

Type 39 , — Plants spreading, tall (349 cm.), early. Leaves medium in size 
(10*11 X 3*6 cm.), midrib light purple, distinct red colour on young stem and bran- 
ches. Flowers yellow, dorsal side of standard with red veins radiating from base 
but having no ring of diffused red colour at the base, ventral side deep yellow, 
red markings present at the base of wings. Pods scattered, green with black 
streaks, beaded, short, narrow (5*6 X 0*8 em.). Seeds lentil-shaped, small, weight 
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of 100 seeds 7-9 grms.j seed eoafe light fawn background with, brown markings, 
■mass'.colouriawn to, faint" bxown. ■ ' 

:Type, ^.—Plants spreading, medium in height (291 cm.), late. Leaves short 
and medium in lengtli (7*73x3'03 cm.), midrib light purple, faint red tinge 
on young stem and branches. Flowers yellow, dorsal side of standard yellow with 
clear red veins radiating from base but having no ring of diffused red colour at the 
base, ventral side deep yellow. Pods scattered, green with black streaks, not 
beaded, short, narrow (5*8 X 0*8 cm.). Seeds lentil-shaped, small, weight of 100 
seeds 6*7 grms., seed coat light fawn background with brown markings, mass 
"colour fawn to faint .brown.' 

41.— Plants spreading, tall (378 cm.), late. Leaves medium in size 
(9*16x 3*16 cm.), midrib purple, distinct red colour on young stem and branches. 
Flowers yellow, dorsal side of standard yellow with red veins radiating from base 
but having no ring of diffused red colour at the base, ventral side deep yellow. 
Pods scattered, green with black streaks, not beaded, short, narrow (4*9 X 0*8 cm.). 
Seeds lentil-shaped, small, weight of 100 seeds 6*9 grms., seed coat light fawn back- 
ground with brown markings, mass colour fawn to faint brown. 

Type 42 , — ^Plants spreading, tall (343 cm.), late. Leaves medium in size 
(10*54x3*44 cm.), midrib light purple, distinct red colour on young stem and 
branches. Flowers yellow, dorsal side of standard yellow with red veins radiating 
from base but having no ring of diffused red colour at the base, ventral side deep 
yellow, red markings present at the base of wings. Pods scattered, black with 
green streaks, not beaded, short, narrow (6-5x0*8 cm.). Seeds lentil-shaped, small, 
weight of 100 seeds 8*5 grms., seed coat light fawn background with brown mark- 
ings, mass colour fawn to faint brown. 

Type iB , — Plants straggling, medium in height (255 cm.), early. Leaves 
broad and medium in length (8*83x4*11 cm,), midrib light purple, faint red colour 
on young stem and branches. Flowers yellow, dorsal side of standard yellow with 
clear red veins radiating from base but having no ring of diffused red colour at the 
base, ventral side deep yellow, red markings present at the base of wings. Pods 
scattered, green with black streaks, beaded, medium in size (6*5 X 0*9 cm.). Seeds 
lentil-shaped, medium in size, weight of 100 seeds 11*2 grms., seed coat brownish 
fawn.' , 

Ti/pe 44.— Plants spreading, medium in height (238 cm.), early. Leaves 
narrow and medium in breadth (8*07x3*0 cm.) midrib light purple, distinct red 
colour on young stem and branches. Flowers yellow, dorsal side of standard 
yellow with red veins radiating from base but having no ring of diffused red colour 
at the base, ventral side deep yellow. Pods scattered, green with black streaks, 
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■ milib puipls, yum-8 ■““' T“”"^ 

“li“r m trUw.ao^Oidn of stondurd yoll,.w wrt . oonced 
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(9-42X3-48 cm.), midrib light purple, distinct red colour on young ^ ,adiat' 

ches. Flowers yeUow, dorsal side of standard yeUow with clear rod veins ladiat. 
ing from base hut having no ring of diffused red colour at t e a.«t, \cii ,ia ^ si 
deep yellow. Pods scattered, green with or without a few black spots not beaded 
short, medium in breadth (6-5X0-9 cm.). Seeds lentil-shaped. 
weight of 100 seeds 9-4 grms., seed coat with fawn background havin„ brown 

markings, mass colour light yellow brown. ^ ^ 

Type 50.— Plants erect, medium in height (285 cm.), late. Leaves larg 
{11-02 X3-83 cm.), midrib light purple, faint red colour on young stem and 
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brandies. Flowers yellow, dorsal side of standard yellow wttb red veins radiating 
from base but having no ring at the base, ventral side deep yellow. Pods scattered, 
red with green streaks, not beaded, short, medium in breadth {6;8x0-9 cm.). Seeds 
lentil-shaped, medium in size, weight of 100 seeds 9’8 grms., seed coat with fawn 
background having brown markings, mass colour light brown. 

di.— -Plants erect, tall (347 cm.), late. Leaves large (ll’44x3‘82 cm.), 
midrib green, faint red tinge on young stem and branches. Flowers yellow, dorsal 
side of standard yellow with red veins radiating from base but having no ring of 
diffused red colour at the base, ventral side deep yellow. Pods scattered, red with 
green streaks, not beaded, medium in size (6’2Xl‘0 cm.). Seeds round, large, 
weight of lOO seeds 15‘3 grms., seed coat with fawn background having brown 
markings, mass colour yellow brown.' 

Type S2.—'Plm%B erect, medium in height (300 cm.), late. Leaves medium in 
size (10'13x3'63 cm.), midrib light purple, faint red tinge on young stem and 
branches. Flowers yellow, dorsal side of standard yellow with red veins radiating 
from base but having no ring of diffused red colour at the base, ventral side deep 
yellow. Pods scattered, green with black streaks, not beaded, short, narrow 
(5‘5x0*8 cm.). Seeds lentil-shaped, medium in size, weight of 100 seeds 8'6 grms., 
seed coat with fawn background having brown markings, mass colour yellow 
brown. 

Type 53.— Plants spreading, medium in height (236 cm.), early. Leaves 
medium in size (8-67 X3‘32 cm.), midrib light purple, faint red tinge on young stem 
and branches. Flowers yellow, dorsal side of standard yellow with clear red veins 
radiating from base hut having nO ring of diffused red colour at the base, ventral 
side deep yellow, red markings present at the base of wings. Pods scattered, green 
with black streaks, not headed, short, medium in breadth (6 'Ox 0‘9 cm.). Seeds 
lentil-shaped, small, weight of 100 seeds 7'8 grms., seed coat with fawn back- 
ground having brown markings, mass colour yellow brown or light brown. 

Type 54 . — Plants spreading, tall (341 cm.), late. Leaves medium in size 
(8'67 X3‘62 cm.), midrib light purple, faint red tinge on young stem and branches. 
Flowers yellow, dorsal side of standard yellow with red veins radiating from base 
but having no ring of diffused red colour at the base, ventral side deep yellow. 
Pods scattered, green with black streaks, not beaded, short, narrow (5’0x0'7 cm,), 
ffeeds lentil-shaped, small, weight of 100 seeds 6'4 grms., seed coat with fawn back- 
ground having brown markings, mass colour yellowish brown. 

Type 55.— Plants spreading, tall (356 cm.), late. Leaves medium in size 
(9‘49 X 3'38 cm.), midrib light purple, distinct red colour on young stem and 
branches. Flowers yellow, dorsal side of standard yellow with red veins radiating 
from base hut having no ring of diffused red colour at the base, ventral side deep 

D 
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yellow. Pods scattered, green witli black streaks, not beaded, j 

breadth (5-5X0-9 cm.). Seeds lentil-shaped, medium in size, weight of 100 seeds 
10-5 grms., seed coat with fawn background having brown markings, mass colour 

light brown to brown. ^ ^ 

Type 5d.— Plants spreading, medium in height (304 cm.), kie. Leaves narrow, 
medium in length {9-38x2'92 cm.), midrib light purple, distinct red colour on 
young stem and branches. Flowers yellow, dorsal side of standard yellow wuth 
clear red veins radiating from base but having no ring of diffused red colour at the 
base, ventral side deep yellow. Pods scattered, green with black streaks not 
beaded, short, narrow (4*7 XO‘7 cm.). Seeds lentil-shaped, small.^ weig it o 
100 seeds 7-5 grms., seed coat with fawn background having brown markings, mass 
colour hght brown. i j 

rjrjse 57.— Plants spreading, medium in height (317 cm.), late. Leaves broad, 

medium in length ll0'64x3-88 cm.), midrib purple, faint red tinge on young stem 
and branches. Flowers yellow, dorsal side of standard yellow with faint red veins 
radiating from base but having no ring of diffused red colour at the base, ventral 
side deep yellow. Pods scattered, green with black streaks, not beaded, narrow, 
medium in length (6'0x0'8 cm.). Seeds lentil-shaped, medium in size, weight of 
100 seeds 11'5 grms., seed coat with fawn background having brown markings, 
mass colour light brown. 

Tyj)e 58, — Plants spreading, tall (338 cm.), late. Leaves medium in ske 
(9*78x3*64 cm.), midrib light purple, distinct red colour on young stem and 
branches. Flowers, yellow, dorsal side of standard yellow with red veins radiating 
from base but having no ring of diffused red colour at the base, ventral side deep 
yellow. Pods scattered, green with black streaks, beaded, short, medium in breadth 
(5'4x0-9 cm.). Seeds round, small, weight of 100 seeds 8'2 grms., seed coat with 

fawn background having brown markings, mass colour yellow brown. 

Type 59.— Plants erect, tall (326 cm.), late. Leaves medium in size 
(10-57 X3'64 cm.), midrib light purple, distinct red colour on young stem and 
branches. Flowers yellow, dorsal side of standard yellow with faint red veins 
radiating from base but having no ring of diffused red colour at the base, ventral 
side deep yellow. ■ Pods scattered, black with green streaks, not beaded, short, 
narrow (5-8X0-8 cm.). Seeds lentil-shaped, small, weight of 100 seeds 8-3 grms., 
seed coat with fawn background having brown markings, mass colour light brown. 

Type 60 . — Plants erect, medium in height (315 cm.), late. -Leaves large 
(11-36 X3-85 cm.), midrib light purple, distinct red colour on young stem and 
branches. Flowers yellow, dorsal side of standard yellow with red veins radiating 
from base but having no ring of diffused red colour at the base, ventral side deep 
yellow, Podsscattered, black with green streaks, not beaded, mediuni in siz.e 
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(6*OxO*9 cm.). Seeds lentil-shaped, small, weight of 100 seeds 9’7 grms., seed 
coat with fawn background having brown markings, mass colour yellow brown. 

Type SL—Tlmts spreading, medium in height (223 cm.), early. Leaves 
small (8*0 X 2*81 cm.), midrib light purple, distinct red colour on young stem and 
branches. Mowers yellow, dorsal side of standard yellow with clear red veins 
radiating from base but having no ring of diffused red colour at the base, ventral 
side deep yellow. Pods scattered, black with green streaks, not beaded, short, 
narrow (5*5 X 0*8 cm.). Seeds lentil-shaped, medium in size, weight of 100 seeds 
6*9 grms., seed coat with fav/n background having brown markings, mass colour 
reddish brown. 

Type 63.“— Plants spreading with straggling branches, medium in height 
(300 cm.), early. Leaves broad and medium in length (8*73x4*15 cm.), midrib 
light purple, faint red tinge on young stem and branches. Plowers yellow, dorsal 
side of standard yellow with clear red veins radiating from base but having 
no ring of diffused red colour at the base, ventral side deep yellow. Pods 
scattered, green with black streaks, beaded, medium in size (7*2xi'0 cm.). Seeds 
lentil-shaped, medium in size, weight of 100 seeds 9*8 grms., seed coat brownish 
red, varying from light to dark red. 

Type 66.— Plants spreading, tall (338 cm.), late. Leaves broad and medium 
in length (9*94x4*03 cm.), midrib purple, distinct red colour on young stem and 
branches. Flowers yellow, dorsal side of standard yellow with red veins radiating 
from base but having no ring of diffused red colour at the base, ventral side deep 
yellow. Pods scattered, green with black streaks, beaded, short, medium in 
breadth (5*4 X 0*9 cm.). Seeds lentil-shaped, medium in size, weight of 100 seeds 
11*0 grms., seed coat dark olive-grey. 

Type 64.— Plants spreading, medium in height (322 cm.), late. Leaves medium 
in size (9*59x3*46 cm.), midrib light purple, distinct red colour on young stem 
and branches. Flowers yellow, dorsal side of standard yellow with faint red veins 
radiating from base but having no ring of diffused red colour at the base, ventral 
side deep yellow. Pods scattered, black with green streaks, beaded, short, medium 
in breadth (6*9 X 0*9 cm.). Seeds lentil-shaped, medium in size, weight of 109 
seeds 9*6 grms., seed coat dark olive-grey. 

Type 65 . — Plants erect, medium in height (286 cm.), late. 'Leaves medium in 
size (10*1 X 3*2 cm.), midrib light purple, distinct red colour on young stem and 
branches. Flowers yellow, dorsal side of standard yellow with red veins radiating 
from base but having no ring of diffused red colour at the base, ventral side deep 
yellow, red markings present at the base of wings. Pods scattered, green with 
black colour diffused over whole surface leaving green streaks, beaded, short, 
medium in breadth (6*5 x0*9 cm.). Seeds lentil- shaped, medium in size, weight cf 
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100 seeds 9*7 gms.j seed coat dark olive-grey, neariy covered with, black niark- 
ings. " 

Type 66.— Plants spread ing, tall (341 cm.), late. Leaves medium in size 
(9*39 x3*45 cm.}, midrib green, distinct red colour on young stem and branches. 
Flowers yellow, dorsal side of standard yellow with distinct red veins and a ring 
of diffused red colour at the base, ventral side pale yellow having red markings 
at the base. Pods scattered, green with or without a few black spots, not beaded, 
short medium in breadth (5*0x0*9 cm.). Seeds lentil-shaped, small, weight of 
100 seeds 9*2 grms., seed coat with light fawn background nearly covered with 
brown markings, mass colour faint brown. 

Type 67.— Plants spreading, tall (355 cm,), late. Leaves medium in size' 
(10*58x3*76 cm.), midrib green, distinct red colour on young stem and branches. 
Flowers yellow, dorsal side of standard yellow with distinct red veins and a ring 
of diffused red colour at the base, ventral side pale yellowy having red markings 
at the base. Pods scattered, green with or without a few black spots, beaded, 
short, narrow {5*9 X 0 '8 cm . ) . Seeds lentil-shaped, small, weight of 100 seeds 
9*8 grms., seed coat with light fawn background nearly covered with brown 
markings, mass colour faint brown. 

Type 66.— Plants erect, medium in height (316 cm.), late. Leaves large 
(11*60 X3'84 cm.), midrib green, distinct red colour on young stem and branches. 
Flowers yellow, dorsal side of standard yellow with distinct red veins and a ring 
of diffused red colour at the base, ventral side deep yellow having red markings 
at the base of wings. Pods scattered, green with or without a few black spots, 
not beaded, medium in size (6 *4x0 '9 cm.). Seeds lentil-shaped, large, weight of 
100 seeds 11*5 grms., seed coat with fawn back ground having brown markings, 
mass colour light brown. 

Type 69.— Plants erect, medium in height (323 cm.), late. Leaves large 
(12*04 x4*64 cm.), midrib light purple, faint red colour on young stem and branches. 
Flowers^ellow, dorsal side of standard yellow with distinct red veins and a- ring 
of diffused red colour at the base, ventral side deep yellow having red markings 
at the base. - Pods scattered, green with black streaks not beaded, large 
(8*5xl.l cm.). Seeds round, large, weight of 100 seeds 17*8 grms., seed coat wuHi 
fawn background ha ving brown markings, mass colour light brown. 

Type 76.— Plants spreading, short (203 cm,), early. Leaves short and medium 
in breadth (7*24x3*21 cm.), midrib green, young stem and branches appearing 
bluish purple. Flowers yellow, dorsal side of standard yellow with red veins anxl 
of diffused red colour at the base, ventral side deep yellow, clear red markings 
present at the bas^o^^gs and on the ventral base of standard. Pods scattered, 
with a few smalLblack streaks, short, narrow (6*2xO*7 cm.). Seeds lentil- 
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shaped, medium ill size, weight of 100 seeds 9*5 gnm/ seed coat silver-white back* 
ground almost covered with heavy purple markings. 

Plants spreading, short cm,), early. Leaves medium in size 
(8*22 XB*31 cm.), midrib light purple, young stem and branches appearing bluish 
purple. Flowers yellow, dorsal side of standard yellow with red veins and a ring 
of diffused red colour at the base, ventral side deep yellow, clear red markings 
present at the base of wings and on the ventral base of standard . Pods scattered 
green with heavy black streaks, short, narrow (5*0x0‘8 cm.). Seeds lentil-shaped, ■ 
medium in size, weight of 100 seeds 8*2 grms., seed coat with silver- white background • 
almost covered with heavy purple markings. 

Type 72 . — Plants spreading, tall (335 cm.), late. Leaves medium in .size 
(10*36x3*37 cm.), midrib green, faint red tinge on young stem and branches. 
Flowers yellow, dorsal side of standard yellow with red veins and a ring of diffused 
red colour at the base, ventral side pale orange, clear red markings present at the 
base of wings and on the ventral base of standard. Pods scattered, green with red 
streaks, beaded, short, medium in breadth (5*6 x 1*0 cm.). Seeds round, medium 
in size, weight of 100 seeds 10*9 grms., seed coat uniform brownish red, varying 
from brown to deep purple, mass colour chocolate-red. 

75.— Plants spreading, tall (382 cm.), late. Leaves medium in size 
(10*41x3*74: cm.), midrib purple, young stem and branches appearing reddish, 
purple. Flow-^ers yellow*, dorsal side of standard yellow with red veins and a ring 
of diffused red colour afc the base, ventral side orange, clear red markings present 
at the base of wings and on the ventral base of standard. Pods scattered, green 
with black streaks, not beaded, short, narrow (4*8 X 0*8 cm.). Seeds lentil-shaped, 
medium in size, weight of 100 seeds 7*5 grms., seed coat silver- white background 
having very heavy purple markings. 

Type 74.— Plants erect, medium in height (316 cm.), late. Leaves medium in 
size (10*31x3*57 cm.), midrib light purpie, young stem and branches appearing 
bluish purple. Flowers yellow*, dorsal side of standard yellow with red veins and 
a ring of diffused red colour at the base, ventral side pale orange, clear red markings 
present at the base of wings and on the ventral base of standard. Pods scattered 
green with black streaks, not beaded, short, narrow (6*3 X 0*8 cm.). Seeds lentil 
shaped, medium in size^ weight of 100 seeds 9*5 grms., seed coat black. 

Type 75,— Plants spreading, medium in height (260 cm,)* early. Leaves 
narrow and medium in length (9*17 x2*67 cm.), midrib purple, distinct red colour 
on young stem and branches. Flowers yellow, dorsal side of standard having 
distinct red veins and red colour diffused over the whole dorsal surface and not 
restricted to a half ring at the basej ventral side pale yellow, ^ed colour on the 
wings marked, red markings on the ventral base of standard also present. Pods 
scattered, green with black streaks, not beaded, medium in size (6*2x0*9 cm.). 
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Seeds lentiVshaped, m in size, weight of 100 seeds 11*6 grms., seed coat 
silver-white' with fairly heavy and large brown spots, mass colour silver-white with 
faint brown tinge. * 

Type 76 . — Hants spreading, tall (346 cm.), late. Leaves broad and medium in 
length (10'27x4-01 cm.), midrib green, young stem and branches appearing bluish 
purple. Flowers yellow, dorsal side of standard yellow having distinct red veins 
and diffused red colour, ventral side orange, red colour on the wings marked, red 
’ markings on the ventral base of standard also present. Pods scattered, green 
with or without a few black spots, beaded, short, medium in breadth 
{B‘8x0*9 cm.). Seeds lentil-shaped, medium in size, weight of 100 seeds 9*8 grms., 
seed coat with silver-white back-ground having very heavy purple markings. 

Type 77 .—Tlmts spreading, tall (359 cm.), late. Leaves medium in size 
(9*83x3*79 cm.), midrib purple, young stem and branches appearing bluish purple. 
Flowers yellow, dorsal side of standard yellow having distinct red lines and diffused 
red colour, ventral side orange, clear red markings present at the base of wings and on 
the ventral base of standard. Pods scattered, green with black streaks, beaded, 
short, medium in breadth (5*6x0*9 cm.). Seeds lentil-shaped, mediuna in size, 
weight of 100 seeds 9*3 grms., sead coat with silver-white background having 
very heavy purple markings. 

Type 78.^£hixts spreading, tall (358 cm.), late. Leaves medium in size 
(10*19 X 3*69 cm.), midrib purple, young stem and branches appearing bluish 
purple. Flowers yellow, dorsal side of standard yellow having distinct red veins 
and diffused red colour, ventral side orange, clear red markings present at the base 
of wings and on the ventral base of standard. Pods scattered, green with black 
streaks, beaded, short, medium in breadth (5*6 X 0*9 cm.). Seeds lentil-shaped, 
medium in size, weight of 100 seeds 10*6 grms., seed coat with silver-white back- 
ground, almost covered with heavy purple markings. 

79.— “Plants spreading, tall (350 cm.), late, Leaves medium in size 
(10*10X3*67 cm.), midrib purple, young stem and branches appearing bluish 
purple. Flowers yellow, dorsal side of standard yellow having distinct red veins 
and diffused red colour, ventral side orange, clear red markings present at the base 
of wings and on the ventral base of standard. Pods scattered, green with black 
streaks, beaded, short, medium in breadth (5*4x0*9 cm.). Seeds lentil-shaped, 
medium in size, weight of 100 seeds 12*6 grms., seed coat uniform black. 
f Tj/ye S0.*-~Plants spreading, tall (340 cm.), late. Leaves medium in size 
^ (9*0x3'4 cm.), midrib purple, distinct red colour on young stem and branches. 
Flowers yellow, red colour diffused in patches on the dorsal side of the standard, 


* Type 80 is the wat resistant type described in the Soientifio Monograph No. 7 of the 
Imperial Gormcil of Agricultural Research [ McRae and Shaw, 1933 ] on wilt resistance. 
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font red veins generally absent, red markings at the base of wings present. Pods 
scattered, greeja with, black streaks, not beaded, vskort, narrow, (5*7 X 0*8 cm.). 
Seeds lentil-sbaped, small, weight of 100 seeds 7*7 grms., seed coat light fawn with 
faint brown markings, mass colour light fawn. 

57.— Plants spreading, short (220 cm.), early. Leaves short, medium in 
breadth (7*92x3*19 cm.), midrib light purple, distinct red colour on young stem 
and branches. Flowers yellow, red colour diffused in patches on dorsal side of 
standard, but red veins generally absent, red markings at the base of wings present. 
Pods scattered, green with black streaks, not beaded, short, medium in breadth 
(6’0x0*9 cm.). Seeds lentil-shaped, small, weight of 100 seeds 7‘3 grms., seed coat 
with fawn background having brown markings, mass colour yellowish brown. 

Type 82 . — Plants spreading, tall (369 cm.), late. Leaves medinm in size 
(9*77 X 3*34 cm.), midrib purple, young stem and branches appearing reddish purple. 
Mowers yellow, red colour diffused in patches on the dorsal side of the standard 
but red veins generally absent, red marking at the base of wings present. Pods 
scattered, green with black streaks, beaded, short, narrow (4*8x0*8 cm.). Seeds 
lentil-shaped, small, weight of 100 seeds 9*2 grms,, seed coat brownish f awn. 

53.— Plants spreading, tall (338 cm.), early. Leaves medium in ske 
(9*49x3*09 cm.), midrib light purple, faint red tinge on young stem and branches* 
Flowers yellow, dorsal side of standard uniformly light red, clear red markings 
present at the base of wings and on the ventral base of standard. Pods scattered, 
green with red streaks, not beaded, broad, medium in length (6*6 X 1*3 cm.). Seeds 
round, medium in size, weight of 100 seeds 14*6 grms., seed coat silver-white with 
fairly heavy brown spots, mass colour silver-white with faint brown tinge. 

Type 84 . — Plants spreading, medium in height (283 cm.), early. Leaves mediam 
in size (9*16x3*58 cm.), midrib purple, faint red tinge on young stem and branches. 
Flowers yellow, dorsal side of standard uniformly deep crimson, ventral side pale 
yellow, red colour on the wings marked, red markings on the ventral base of 
standard also present. Pods scattered, green with black streaks, not beaded^ 
broad, medium in length (7*0xl*2 cm.). Seeds round, large, weight of 100 seeds 
16*1 grms., seed coat silver- white with fairly heavy brown spots, mass colour silver- 
white with faint brown tinge. 

r^pe55.— Plants spreading, tall (338 cm.), early. Leaves narrow, medium 
in length (9*47 X2*96 cm,), midrib light purple, distinct red colour on young stem 
and branches. Flowers yellow, dorsal side of standard uniformly deep crimson, 
ventral side pale yellow, red colour on wings marked, red markings on the ventral 
base of standard also present. Pods scattered, green with black colour diffused 
over whole surface leaving green streaks, not beaded, broad, medium in length 
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(7-2 X1 2 cm.). Seeds loimd, medium in size, weight of 100 seeds 12-7 grms., seed 

coat silver-white with grey markings and some Leaves medium 

Tme Sd —Plants spreading, medium in height (270 cm.), ear y. ^ 

• - l midrib puipls. “mot led coloui on yomg »t<m and 

brown markings, mass colour brown. 
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OBSERVATIONS ON THE CYTOLOGY OF THE SUGARCANE. 

BY 

N. L. DUTT, M.So., 
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AND 

K. S. SUBBA EAO, BX, 

Botmiy AMislani^ Impe-jial Sugarmne SlMwn,(hm 
(lioceived for publication OB 24th October 1932) 

(With Plates V-Vni) 

L Introdxjotion. 

Tke cytology of Saccliarum lias received attention from Franck [1911], Kuwada 
[1915], and more recently from Bremer [1923]. In a comprehensive scheme of the 
study of anatomy, ontogeny and the cytology of the sugarcane, Artschwager, 
Brandes and Starrett [1929], have studied the varieties U. S. 875 and U. S. 1694:, 
and have described in detail the development of the flower and seed in these 
varieties. 

Bremer's [1923] outstanding work has thrown valuable light on the chromo- 
some behaviour in the various forms of Saccharum and certain inter-varietal and 
inter-specific hybrids, as also on the taxonomic relationship ot SmeJiarum arundina- 
mm and 8* munja. During the arrowing season 1930-31 and 1931-32 a study of 
fertilization and embryogeny in the sugarcane was taken up and the results, as far 
as available, are reported in this paper. An attempt was also made to determine 
the chromosome number in the following varieties of 8, offieinarum gtowii in India, 
viz.^ Veilai, Shamshara Poo van, CMttan and Puri. Since meiosis was expected to 
be regular in it, 8 . (Coimbatore) was included to serve as a control, and 

later on Co. 206 was added because of its interest as a seedling of a cross between 
S. offieinarum and 8 , spontaneum. 

II. Material AND METHODS. 

All the material was collected from the canes grown at the Thick Cane Area of 
the Imperial Sugarcane Station, Coimbatore, except Poovan which was collected 
from Kuniamuthur, a village about six miles away. 
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arrows slightly before the/ flag stage were se ec e • 
As the spikelets at the top of the arrows generally contained bright yellow ant ers 
in which fully formed pollen grains w-ere found, flowers from the low’^er portions o 
the arrows were taken. These contained pale yellow or whitish anthers which ^on 
staining with Belling^s [1921] Acetocarmine were found to contain a large number 
of dividing pollen-mother cells. The best time for fixing the material w^as fouiK to 
be between 9 and 11 A.M. 

The followdng fixatives were tried: — (1) La Cour s [1929]. One per cent, 
chromic achl — 90 c.c. ; potassium bichromate — 1 grm.; sodium sulphat e 0 5 grm. , 
nrea^ — •! grm. ; 5 per cent, acetic acid— 10 c.c. ; 2 per cent, osmic acid— 15 c.c. , 
distilled water— 45 G.c. (2) Carnoy's [Lee, 1928] Chloroform — 3 parts ; absolute 
alcohol— -6 parts; acetic acid — 1 part, and (3) Allen s modification of Bonin s fluid 
[Lee, 1928] Picric acid (saturated solution)— --75 c.c. ; formaldehyde— -25 c.e.. ; 
acetic acid — 5 c.c. ; chromic acid — 1*5 grms. ; nrea — 2 grms. The first and second 
fixatives were not found to be as satisfactory as the third, which was therefore 
employed for fixing most of the material for study. 

The flowers were kept in the fixative for 24 hours and after washing in running 
water for the same period, were run up through the usual alcohol grades, cleared m 
xylol, and finally embedded in paraffin (54°C.). The callus hairs were removed 
from flowers as they were being runup through the alcohol grades and wherever 
ovaries had to be sectioned, the glumes also 'were removed to facilitate cutting. 
Sections of anthers were cut 8 to 12 p. thick and of ovaries 15 to 20 p. thick and 
stained with HeidGnbain a Iron Alum Haematoxylin, To ensure the removal of all 
traces of picric acid before staining, slides were left for about half an hour in a 
saturated solution of lithium carbonate in 70 per cent, alcohol. 

In order to corroborate the chromosome numbers obtained from microsporocy- 
tes, root tips were also fixed in some of the varieties. Sections were cut 8 to 10 p. 
thick and stained in Heidenhaims Iron Alum Haematoxylin. 


III. Chromosome numbers. 

(a) The morphological characters of Vellai were compared with the 

published botanical descriptions of Otaheite [Earle, 1928 ; Deerr, 1921 ; Eosenfeld, 
1927], and it was found that they agreed in most respects. It was thought that a 
cytological study of Vellai might reveal features which will help in its identification. 

Chromosome counts were made from polar views of the metaphase equatorial 
plates. One of these is represented in Plate V, figure 3, and forty chromosomes are 
seen, probably all bivalents. In Plate V, figure 4, are seen forty-one chromosomes, 
evidently due to irregularity in the heterotypic division. In not a few counts, the 
numbera 41 and 42 were encountered, but as in the majority of counts, the number 
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Was 40, it may be taken that tke haploid number in Vellai is 40. This number could 
not be confirmed in counts of the bivalents at the diakinesis stage, as in the pre- 
parations examined suitable stages could not be found. In Plate V, figures 2 and 
5, certain chromosomes are seen travelling in advance, while Plate V, figure 6 
shows irregular homeotypic division in one of the diads. 

An examination of the somatic chromosomes as also of the bivalents in the 
diakinesis stage of the microsporocytes will need to be made before Vellai and 
Lahaina [Otaheite] could be compared satisfactorily. 

{b) Shamshma , — ^This cane has been described by Woodhouse, Basu and 
Taylor [1915], and they consider it to be very similar to Benaresia Nepali. Earle 
[1928] in the annotated list of cane varieties mentions Shamshara as equal to 
Otaheite, Like the other Paunda canes, this cane is also probably an introduced 
tropical cane, but according to Deerr [1921] under the name Samsara has travelled 
out again from India as an Indian cane. 

Chromosome counts were taken from diakinesis and also from equatorial plates. 
In Plate V, figure 7, are seen 33 pairs and 14 univalents at diakinesis. In Plate V, 
figure 8, 40 chromosomes are represented while Plate V, figure 9 shows 38 bivalents 
and 4 univalents. The heterotypic division of the microsporocytes would thus 
appear to be irregular while in Plate V, figure 13 is shown the side-views of the 
metaphases of the homeotypic divisions where, in one of the diads, the arrangement 
of the chromosomes is somewhat irregular. 

The suppression of one and sometimes two anthers was noticed to be a common 
occurrence in this variety. Plate V, figures 15 and 16 show these abnormalities, 
while a normal case is represented in Plate V. figure 14. Yet another abnormality 
which was sometimes met with is shown in Plate VI, figure 17 where two pairs of 
styles are seen. 

From the above, it will be noted that Shamshana diSers from Vellai in some 
respects. A few morphological difierences were also noticed between the two. As 
diakinesis and a few other stages were not available in Vellai, it has not been 
possible to compare these two varieties in all cytological details. 

(c) Poomn , — ^In morphological characters Poo van resembles Keli and Hottai 
Eabbu. These varieties are probably identical, but grown under different local 
names, Poo van also resembles Pandia in certain characters. As none of the 
above-mentioned varieties, with the exception of Poovan, flowered, their identifica- 
tion could not be confirmed by a cytological study of the flowers. 

Chromosome counts were made from diakinesis and also from polar views of 
the equatorial plates. Poovan shows very irregular meiosis, in fact the most 
irregular of all the varieties examined. Lagging chromosomes were invariably met 
with in the metaphase and the anaphase while univalents were common in diaki* 
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nesis and polar views of metapliase. In Plate VI, figure 20, 23 bivalents and 39 uni- 
valents are seen, while Plate VI, figure 19 represents 33 bivalents and 13 iinivalents, 
Plate VI, figure 18 shows 34 gemini and 12 unpaired chromosomes in diakinesis. 

The somatic chromosomes are represented in Plate VI, figure 23 and were found 
to be 78. As it was very difficult to make exact counts in root tips, reliance hns 
to be placed mainly on the counts in meiosis. From the various counts the haploid 
chromosome number in Poovan would appear to be about 40. . 

{(1) Barber [1916] in his classical work on Indian siigarcanes mentions 

that from the detailed morphological study of Chittan, Karun and Kaliidai Boothan, 
it seemed probable that they are closely related to one another, there being some 
ground for supposing that Chittan, a striped cane, is the oldest and that Karun 
(Claret) and Kaliidai Boothan (green with blush of pink) have at some time arisen 
as sports from it. With a view to study the cytology of these forms, spikelets in the 
desired stages of microsporogenesis, and root tips were fixed in Chittan and Kaliidai 
Boothan. It was proposed to take up Karun later. 

Counts could not be made from the polar views of metaphase plates, as the 
chromosomes were noticed to be very closely packed together. This closely packed 
nature of the chromosomes extended to practically all the stages, iiicliuling 
homeotypic division. The prophases and diakinesis stages, however, were clear 
enough and the gemini could be distinctly traced in the latter. Plate VI, figii re 24 
shows 40 gemini in diakinesis while irregular anaphase is represented in Plate VI. 
figure 26. The somatic chromosomes are shown in Plate VI, figure 27. The haploid 
chromosome number in Chittan may be tentatively taken as about 40. 

In the preparations of Kaludai Boothan also, the chromosomes were found to be 
closely packed together and no good diakinesis stages could be seen to enable the 
counting of chromosomes. 

(e) P‘un,~This cane has been described by Woodhouse, Basil and Taylor 
[1915]. Deerr [1928] grew Creole and Caliph's Cane alongside Puri, and after a very 
careful examination of their morphological characters came to the conclusion that 
they were identical in all respects. The main observations on the cytology of Puri 
are detailed below. 

Chromosome counts were made from the diakinesis and also from the polar 
views of metaphase. Meiosis in Puri was found to be more regular than Vellai, 
Shamshara, Poovan and Chittan. In Plate VI, figure 31, forty bivalems are seen in 
the polar view of the metaphase of the microsporoeyte, while 40 gemini are also 
seen in the diakinesis stage (Plate VI, ^fi In Plate VI, figures 30 and 33 

are shown the regular metaphase and telophase respectively, while*. Plate VI, figure 
32 represents a more or less regular anaphase. In the preparations examined, no 
laggards were observed and similarly no univalents were seen either in the side or 
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polar views of the metaphase. The homeotypio divisioB was also noticed to be 
regular (Plate VIj figure 36). In some sections darkly stained bodies probably 
chromatin granules were observed in the cytoplasm.. These might be extruded 
chromatin. 

The following has appeared in an abstract of Bremer's [1932] sixth paper on the 
cytology of sugarcane. The cane known as Yellow Egyptian, thought to be the 
same as Creole is discussed in a separate section ; 81 was established as the somatic 
number with 39 bivalents and 3 univalents, at metaphase of the reduction division. 
This leads the author to regard this cane as a hybrid between the Mungo Indian 
cane with 41 and a noble cane with 40. The characteristic remains of the nucleolus 
referred to above was also observed here, a phenomenon which in S. officimrum is 
never observed. This affords further indication of the Indian and hybrid origin of 
the Creole cane.''* 

In the preparations of Puri the present writers never came across the charac- 
teristic remains of the nucleolus which, according to Bremer [1923], is typical of the 
Indian sugarcanes. The only indications of chromatin in the cytoplasm were very 
small, darkly stained granules — ^smaller in size than gemini. These are of course in 
no way comparable in size to the long membranous body in the cytoplasm usually 
near one of the poles noticed and figured by Bremer [1923] in the Indian sugarcanes. 

Creole could not be examined cytologically by the present writers, as it did not 
flower at Coimbatore. 

(/) SaccAarwm Barber [1915] mentions /S. spontcmeum 

as a variable species in India. Hole [1911] also found that this species varied 
greatly according to its habitat, there being three oecological forms, w., (1) the 
most xerophilous form found on dry sandy soil, (2) the most hygrophilous form 
found in swamps and marshy places, and (3) a form intermediate between the first 
and second, usually found in loam. This difference in habitat was associated with 
a difference in growth. As there were numerous intermediate forms, Hole [1911] did 
not think it advisable to define these as different sub-species or varieties. Owing 
to the slight difference of the African forms— sub-species variety 

mgyptuwim from the Indian plants examined by him, Hole [1911] thought that 
a more complete knowledge of the African plant will prove mgyptiacum to hii 
merely one of the several oecological forms. 

There seems to be little doubt, however, that at least certain of the forms of 
•S,' spoHtaneMm differ from one another fimdamentally. For instance, Bremer 
[1923 and 1926] who vstudied two of these forms cytologically, found that the Java 
8,' spGntanetm (Glagali) had 56 haploid chromosomes, while Glagah Tabongo— the 
S.'^'SponiMneum^ of North Celebes— had 40 haploid chromosomes. The collection at 
Ooimbatoxe includes about nine formvS and the variation in the quality of the juice 
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is from about 2 per cent, sucrose to as mucb as over 8 per cent. [Venkafcraman, 

1930]. 

8. Sfonimeum (Coimbatore) affords yet another example of a form with different 
chromosome number. The haploid chromosome number was found to be 32. 
Chromosome counts were made from the polar views of the equatorial plates and 
also from diakinesis. Meiosis was seen to be very regular. In Plate Vll, 
figures 38, 39 and 40, are shown the polar views of the meta phase in which 32 chro- 
mosomes could be counted beyond any doubt. Similarly 32 pairs could also be 
counted at diakinesis (Plate VII, figure 36). In Plate VII, figures 37 and 41, are 
represented the side- views of metaphase and anaphase. The homeotypic division 
was also noticed to be regular, as seen in Plate VII, figure 44. Thirty-two chromo- 
somes are seen in equatorial plates of each of the diads. The somatic number,- 
as seen in Plate VII, figure 46, was found to be 64. The haploid chromosome 
number of 8. spontaneum (Coimbatore) may therefore be taken as 32. 

(g) Co. £03.— This seedling belongs to the Fj progeny of the cross Vellai 
8. spontaneum [Venkatraman and Rao, 1928], and the writers were informed that 
the 8. spontaneum employed was the Coimbatore form. Bremer [1923], while 
working on the cross between ;S. and the Java form oi 8. spontaneum 

found that the resulting seedlings had an increased chromosome number. For 
example, Kassoer which is supposed to be a cross between Black Cheribon and 
Glagah (Java) when examined cytologically was found to show 68 chromosomes and 
since B[ack Cheribon has 40 haploid chromosomes and Glagah 56, one would expect 
Kassoer to have 48 haploid chromosomes. But instead, it possesses 68. Obviously 
the diploid chromosome number 136 could be arrived at by a fusion of twice the 
haploid chromosome numbers of the female parent, t.e., 2 (40) and the haploid 
number of the male parent, i.e., 66 ; the alternative possibilities being that (1) 
the reduction division had failed to take place and (2) that during fertilization the 
S. officiriarum chromosomes undergo longitudinal fission. Bremer [1923] thinks 
the latter explanation as the more probable one, because the division stages of the 
egg mother cell in 8. officimrum observed by him, always pointed towards reduction 
division. A similar phenomenon of the increased chromosome number in seedlings 
was also foimd by him in the cross between <8. and the Indian cane 

Chunnee. The following seedlings: of this cross, viz., P.O.J. 181, P.O.J. 213 and 
P.O.J. 920 were found to have chromosome numbers varying between 62 and 64, 

giving the diploid number of approximately 124 to 128 which is obtained by 
adding the diploid number in S. i.c., 2 (40) and the haploid number 

of Chunnee, i.e., 46, to 48. 

It seemed worthwhile to ascertain if ‘the seedlings of 8. officinarum and the 
Coimbatore form of *8. also had an increased chromosome number on 
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the same basis as Kassoer and P.O.J. 181, P.O.J. 213 and P.O.J. 920. Chromosome i 

counts of Co. 205 were made from polar views of the metaphase and also from > I 

diabinesis. The metaphase plates in Plate VII, figures 48 and 49, show the 56 

number very clearly and similarly Plate VII, figure 47, shows 56 pairs at diakinesis. j | 

In Plate Vn, figure 50, is represented the side-view of the metaphase. While most i j 

of the side-views of metaphase and anaphase were found to be regular, in Plate VII, > I 

figure 51 , is shown an irregular anaphase. In Plate VII, figure 52 is represented | | 

the regular homeotypic divisions, where 56 chromosomes were counted in each diad.' | i 

From the very clear polar views of the equatorial plates observed in many ' i 

sections, the haploid number in Co. 205 may be taken as 56. Root tips were not i | 

fixed in Co. 205, but as the haploid chromosome number was conclusively found 
to be 56. the somatic number would therefore be 112. This number can be arrived 
at by adding the diploid number of Vellai to the haploid number of the pollinating 
parent— (S'. (Coimbatore), ic., 2(40) plus 32 which equals 112. This 

would confirm Bremer ’s [1923] observations on the increase in chromosome numbers 
in the seedlings of the cross between S. qffiGvnarum and (1) Glagah and (2) Chunnee. 


IV. Chromosome numbers in relation to size of nuclei. 

Definite relationship has been established between chromosome numbers and 
systematic position of the various species in certain genera of plants. According 
to Bremer [1925], theie is in SacGhurmn & close relationship between the size of 
the nuclei of microsporocytes and the haploid chromosome number. The method 
adopted by him was to measure the largest and the smallest diameter of the nuclei 
of a large number of microspore mother cells in the diakinesis stage and then to 
calculate the radius from the mean diameter. When the radius was raised to the 
third power, it -was found that r® was proportional to the haploid chromosome 
number, e.rj., for Glagah, which has 56 haploid chromosomes, r® was 588 and 539 or 
not far from 560, i.e., ten times the haploid number. Similarly for four varieties 
of 8. officinanim mik 40 as their haploid chromosome number, r® was 403, 405, 
426 and 384. The same ratio held good for 8. officinarum X 8. spordcmeum crosses 
as also for Glagah Tabongo (N. Celebes), Tanangge and Hitam Rokan. The 
deviation from the above ratio was large in the case of Chunnee, Ruckree II and 
Katha, amounting as it did to 18 per cent., and was greater still in 8. anmdmac&m 
&nd 8. mnnja, i.e., 30 per cent, and was about the same as in Erianthus, -The 
haploid chromosome number in S. urundinaceum and S. mmja ^ was also the same 
as in E, Tavsufi&c and E, jupouicus. This fact and the same size of their nuclei led 
Bremer [1925] to conclude that 8. mmdmacmmmd 8. mumja should -belong to 
the genus 
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In view of the conclusions referred to above, it was decided to calculate r® in 
the varieties studied in this paper and to ascertain its relation to the haploid 
chromosome number. Only such nuclei were measured as were unmistakably in 
the diakinesis stage. The data are presented in Table 1. 

Table I. 


Size of nuclei of microsporocytes at diaJcinesis and haploid chmmsoms numbers. 


.ISrame of variety 

No. of 
nnolei 
measured 

Mean 
diameter 
in microns 

Mean 
radius in 
microns 


Haploid 

cliromosome 

number'; 

Poovan . . 

40 

9*84 

4*92 

119 

■ About 40' ' 

Gh-ittan ... 

51 

13*2 

6*6 

287 

About 40 

Puri 

21 

1 11*76 

5*88 

203 

40 , 

S. Sfjontmemn (Coimbatore) 

26 

9*04 

4*5 

91 

'32' 

Co. 205 ... 

20 

10*4 

5*2 ' 1 

141 

.'■''■56" 


For the above measurements, the varieties Vellai, Kaludai Booihan and 
Shamshaf a were not included, as their iioicrospore mother cells were not in the 
typical diakinesis stage. It will be seen from the above that r® deviates 70 per 
cent., 27 per cent., 60 per cent., 72 per cent, and 76 per cent, from ten times the 
haploid chromosome number in the varieties, Poovan, Chittan, Puri, 8. sponlanenm 
(Coimbatore) and Co. 205 respectively. It is difficult to explain so large a devia- 
tion unless it be that the pollen mother cells and their nuclei in the above prepara- 
tions had become smaller owing to imperfect fixation, but this would appear to be 

hardly likely as no plasmolysis was noticed. Before any definite opinion can be 
expressed, it will be necessary to collect more data on these as well as on other 
varieties. 

V. An AENOEMAL EMBEYO-SAO. 

In a normal sugarcane embryo-sac (1) the egg and the synergids are towards 
the micropylar end, (2) the polar nuclei immediately above the egg, and (3) the 
antipodal complex towards the chalazal end. In the course of the study of fertili- 
zation and embryogeny in sugarcane, an abnormal embryo-sac was met within the 
cross Vellai X C. A. C. 87 and is shown in Plate VIIl, figures 53 and 64. The 
antipodal' nuclei are seen to be situated near the micropylar end while the polars 
and the egg are towards the opposite end. Since this is unusual, the writers 
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repeatedly and carefully examined the sections in question to make sure that no 
mistake was made in the identification of the structures. From their shape and size 
as compared with the normal cases, it appeared certain that the nuclei towards the 
micropylar end were the antipodals. The polar nuclei were also identified with 
certainty. Above the polars was seen the nucleus of the egg, and though the 
outline of the cell was not very clear, from its position with reference to other 
components of the embryo-sac, it would appear that the structure in question was 
the egg. Some dense cytoplasm with chromatin granules was seen near the egg 
which probably represents the remains of the disorganized synergids. 

VL Feetilizatioh. 

In a previous publication on the growth of sugarcane pollen tube in vitro 
[Dutt, 1929], it was stated that under favourable conditions, the sugarcane pollen 
tube might reach the ovary in about three to four hours. This has nW proved 
to he an under-estimate by about three hours from the detailed studies that were 
taken up later. 

Flowers of the variety Vellai were fixed at definite intervals after pollinating 
with C. A, 0. 87 pollen in order to ascertain (1) the time taken by the pollen 
tube to reach the embryo-sac, (2) subsequent stages of fertilization and (3) 
embryogeny. The interval was half an hour from five to ten hours after 
pollination and half a day from one to nine days. 

The pollen tube was found to have reached the embryo-sac 7| hours after 
pollination in the cross Vellai X P.O.J . 1410 (Plate VIII, figure 56), and this was also 
confirmed in the cross P.O.J, 2725xCo, 286 (Plate Till, figure 55), where the pollen 
tube was seen entering the mioropyle seven hours after pollination. In the pre- 
|)arations of the cross Vellai XC. A. C. 87, however, the exact time taken by the 
pollen tube to reach the embryo-sac could not be determined, but in two sections 
the primary endosperm nucleus was found to be in division eight hours after 
pollination. One of these is shown in Plate Till, figure 68, in which the primary 
endosperm nucleus is seen to be in telephase. This would indicate that the 
pollen tube would have entered the embryo-sac some time belore eight hours 
after pollination. 

In the preparations, fusing sex nuclei were not observed, but in sections of the 
ovaries collected one day after pollination, the endosperm was usually found in the 
coenocytic stage, while fertilized egg was seen to be dividing not later than two 
days after pollination. 

VII. GeNEEATIVE NUCLEI, 

In a previous paper [Dutt and Krishnaswami, 1932], it was mentioned that 
two male nuclei were noticed to have been formed inside the sugarcane pollen 
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grains twenty-four hours before shedding. This condition has Bince been observed 
in nineteen more sugarcane varieties as also in S. munja. Very young flowers of 
0, A. C. 87 were stained in aceto-carmine and on examination, two male nuclei 
were seen to have been formed about five days before shedding. The observa- 
tions on the occurrence of four male nuclei in certain sugarcane varieties were 
continued and the cross Yellai X B. 3412 was effected with the specific object of 
ascertaining the significance of the occurrence of more than two male nuclei in 
the sugarcane. 

Further observations were made on the migration of the two male nuclei from 
the pollen grain to the pollen tube. Percentages of tubes into which the nuclei 
had migrated were worked out in the artificially cultured pollen of Co, 285 and 
sfontaneum. Counts were made at intervals of thirty minutes, one hour, two 
hours and three hours after the first germination. In the one hour old cultures, 
the nuclei had migrated in 40 per cent, of the tubes, while in three-hour ones, 
the migration of the nuclei had taken place in 80 per cent, of the tubes. In cer- 
tain thirty minutes and one-hour pollen tubes, one generative nucleus was noticed 
to be inside the grain while the second had migrated some distance into the tube. 
Such tubes were counted in one culture (Co. 285, one hour old culture), and were 
found to be six per cent, of the total germinations. No clear relationship was 
found between the migration of the nuclei and the length of the pollen tube. In 
three hours old cultures, certain tubes (about 400 pt long) were found with the nuclei 
still inside the pollen grain. These tubes had probably stopped growing at an 
early stage. On the other hand, both the nuclei had migrated in certain ten 
minutes old cultures, the tubes being only 108 [x long. Further, in a tube which 
was 1800p long (P. 671, six hours old culture), the nuclei had travelled only 460pi 
from the grain, while it was not uncommon to find the nuclei at the extreme tip 
in much shorter pollen tubes. 

As for the occurrence of more than two nuclei in other plants, De Mol [1923] 
who worked on orientalis was successful in obtaining plurinuclear 

pollen grains experimentally. In most cases four of these nuclei were present, 
but five to eight have been observed by him. He further observed that these 
plurinuclear pollen grains (1) could be more easily induced to germinate in cane 
sugar solutions, (2) frequently sprouted while still inside the unopened anther and 
(3) formed wide, somewhat bladder-shaped pollen tubes. When four male nuclei 
were present in the tubes, one was sometimes lying at some Stance from the 
other three and was larger than these. Such a large nucleus was frequently lying 
in the end part of the tube, while the other somewhat smaller ones had remained 
|n the pollen grain or had just entered into the poUen tube* The observations 
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made on the four male nuclei in the sugarcane differ from those of De Mol [1923] 
in the following respects. (1) More than fom- male nuclei have not been obserTed 
so far, (2) the pollen grains and tubes with four male nuclei are not abnormal in 
any way and behave exactly as the normal ones in their germination capacity 
as well as in the nature of their pollen tubes, (3) the four male nuclei in the tube 
were observed to occur in pairs, either both the pairs moving closely together or 
at some distance from each other, and (4) the size of all the male nuclei was more 
or less the same. The usual size of the male nucleus inside the pollen tube 
is about 8 to lOjji long, though small globular nuclei about 6[J. in diameter and very 
long vermiform nuclei measuring 26[x in length d^ere occasionally observed. 

Out of the several sections of ovaries of Vellai that had received B. 3412 
pollen, only in one four male nuclei were observed inside the embryo-sac. This 
section is shown in Plate VIII, figure 57. It will be seen that the pollen tube has 
just reached the embryo-sac and the tip has not yet burst to liberate the four 
male nuclei, all of which are still seen to be inside the pollen tube. In this case, 
if the nuclei bad been set free, they would clearly be all from the same pollen 
tube and there will be no imoertainty as was felt in Oagea lutea where Nemec 
[1912] was not sure whether the two sperm nuclei fusing with the egg and the 
other two fusing with the nucleus of the embroy-sac were derived from the same 
pollen tube or from two separate ones. Similarly Ishikawa [1918] who came 
across an aberrant case ia Oenothera mutansxOe. pyonoearpa iomxA two male nuclei 
near the egg nucleus while the third was just coming in contact with the large pole 
nucleus. As the pollen tube was lacking in the preparation, he was unable to 
decide whether the extra nuclei were brought about by intrusion of two sets of 
sperm nuclei due to an attack of two pollen tubes on a single embryo-sac or by the 
production of excess generative nuclei in the male gametophyte. 

As to the significance of the occurrence of four male nuclei the following points 
deserve mention. According to Coulter and Chamberlain [1909] this may have no 
further significance than that any active cell may be induced to divide by favour- 
able conditions. Certain other investigators, however, are of opinion that two 
male nuclei fertilize the egg nucleus leading to the origin of a plant possessmg 
triploid nuclei. Nemec [1912] often observed triple fusion in the egg nucleus in 
Qagealutea. 

DeMol [1923] observed two types of abnormal pollen grains in 
orientalis, viz., (1) Plurinuclear pollen grains, and (2) Large, globular, diploid pollen 
grains. He is inclined to the view that triploid seedlings owe their origin to the 
fertilization of a haploid egg nucleus by two haploid male nuclei or one diploid 
nucleus, 

® 2 ' 
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[III. I. 


VIII. OvOGENIO APOGAMN. 

While exam ining the preparations of the cross Vellai X C. A. C. 87 for stages 
in the development of the embryo, it was observed in two sections that a few divi- 
sioBs had taken place in the egg, while the characteristic coenocytic stage of Lhe 
endosperm was absent. One of these is shown in Plate VII L figure 59. It will be 
seen that the polar nuclei are intact and have not fused. This particular ovary 
was fixed two days after pollination. While giving the details about fertilization, 
it has been mentioned that in the sugarcane, (1) the pollen tube reaches the 
embryo-sac in about seven hours, (2) the endosperm is in the free nuclear stage in 
about twenty-four hours after pollination, and (3) the fertilised egg usually 
starts division not later than two days. II therefore, these embryo-sacs had 
received the male nuclei, there would normally have been a formation of the 
endosperm. From the above, it would appear that the embryos in question have 
in all probability arisen parthenogenetically. 





IX. POLYEMBRYOHY. 

Many cases of polyembryonyo have been noticed in Angiosperms, the well- 
known examples being those of Gittm aumntum and other plants. The extra 
embryos arise either from the cells of the embryo-sac other than the egg — apogamy 
— or by sporophytic budding. In the latter, the cells of the nueellus and those of 
the integument are usually involved, while in the former, cases are known where 
every cell within the embryo-sac produced an embryo. Though the synergids and 
antipodal cells have frequently been noticed to give rise to embryos, cases where 
endosperm cells have formed embryos are very rare. Such cases according to 
Sharp [1926] are open to grave doubt. Woodworth [1930] working on Alnus rugosa 
has, however, reported a case of an embryo which apparently originated from 
endosperm material. 

The occurrence of polyembryony in Graminese has been reported in the follow- 
ing cases : — Kuwada [1910] noticed in rice '' an abnormal formation of two embryo- 
sac mother cells which would suggest the possibility of polj^embryony in rice. 
Komura [1922] reported the formation of two plumules in a rice seed after germina- 
tion, and Rodrigo [1926] found that one seed of the rice variety Inintiw produced 
two plumules and two primary radicles. In the 214,000 rice seeds germinated by 
him he noticed only one which produced two plumules. Jones [1928] reports a 
case of two hybrid plants apparently “ identical twins '' derived from one fertilized 
egg in a cross of the rice varieties Yosemite and Nimai Kawa Mochi. Hansen [1920] 
found that double-germ grains occurred in Mahndorfer winter wheat at the rate of 
1 ; 19QQ9, in Mahndorfer o^ts at the rate of 1 : 20000 ; and in 7 per cent, of the seeds 
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in one strain of rye. NisMmura [1923] noticed poiyembryony m Poa pratenns. 
Ayyangar and Krishnaswami [1930] liave reported the occurrence of poiyembryony 
in EUimne coraccmu. 

While examining the sections of the cross VellaixO. A. 0. 87, two embryos in 
one embryo-sac were noticed. The section is shown in Plate Till, figures 60 and 6L 
The embryos are lying side by side, one of them is normal while the other has 
apparently arisen as a result of the fertilization of one of the synergids by the 
second male nucleus. The two polar nuclei, it will be seen, have not yet fused. 
The second embryo in this case, i.c., the one that has developed from the fertilized 
synergid, may also be regarded as normal and not apogamous. Over 100,000 seeds 
are germinated every year at the Thick Cane Area in connection with sugarcane 
breeding, and the writers have not so far come across a seed which produced either 
two plumules and two radicles, two plumules with a single radicle or a single 
plumule with two radicles. 

X, Discussion. 

Stages in meiosis pointed to the haploid number in Vellai, Shamshara, Poovan, 
Chittan and Puri to be about forty. All these canes apparently belong to the 
By^oim 8. offioinmum and their chromosome number would appear to bring th^ 
into a line with the noble '' varieties studied by Bremer [1924]. 

In the cytoplasm darkly stained granules — ^about the size of univalents— were 
noticed in the varieties Vellai and Puri. These granules were the only indication 
of extruded chromatin. The long membranous body in the cytoplasm, usually 
near one of the poles, which according to Bremer [1923] is characteristic of the 
canes belonging tc /S. jBaf6mV was not noticed in any of the canes studied in this 
paper including 8. sjiontaneim. The preparations of Co. 205 were rather dark, 
due to La Courts [1929] fixative, but as far as could be seen, no chromatin in the 
cytoplasm, in the shape of the characteristic remains of the nucleolus, was 
noticed. It may be stated that the extruded chromatin noticed in TeUai and Puri 
was found to be an exception and not the rule. Extruded chromatin has been 
observed by various workers in other plants. Church [ 1929 ] noticed it m Panicum 
festnm, Awna saliva and 8faftma^ while considerable cytoplasmic chromatin 
was seen by Beck and Horton [1932] in all the three species of Bromus studied 
by them, particularly in B. marginatus in which a continuous mass of chromatin 
was found adhering to the cel wall. Often there seemed to be as much material 
in the mass as on the spindle. The continuous mass in JB. marginatus would 
remind one, in certain respects, of the long membranous body noticed by Bremer 
[1923] in the Indian canes. Extruded chromatin has also been frequently observed 
in Rosa by Erlanson [ 1929 ]. 
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AccordiBg to Bremer [1926], tte chromosome numbers fonod in Saceharam 
clearly point to 10 (or possibly 5) being the original number of the Maydeae and 
Andropogoneae. The haploid number 32 in the Coimbatore form of /S, spontaneum 
would mean that this form is a dysploid, a term employed by Jeffrey [1925] to 
denote non-multiploid variation in number of the nuclear chromosomes '*. 
Several instances of dysploidy in Gramineae have been given by Church [1929]* 
For instance, a series of 9, 8, 7, and 10 in the genus Panioim, and counts of 9 and 
11 in Paspalum, though the well-established number in the latter genus is 10. 
If the haploid number in the Indian forms be taken as 48, then the haploid numbers 
of at least certain of the Saccharum forms, m., S, sfontmeum \0oi^ 8. 

qfficimrum, 8 . spontaneum {Gl3i>gBih Tabongo), 8 , Barberi and 8, sponMneum (Java) 
with 32, 40, 40, 48, and 66 chromosomes respectively, would form a series with 8 as 
the basal number. This is only a suggestion based on the occurrence of 32 haploid 
chromosomes in the Coimbatore form of 8- >^ponlaneum md may perhaps need to be 
revised as more data become available on other forms of SacGhwmm. The evidence as 
at present available on the majority of Saeehmms points strongly to 10 (possibly 5) 
being the basal number, but as mentioned above in the case of Paniemn^ it is not 
unusual to find multiples of different basal numbers in the same genus. Of the 
euploid series in Gramineae, some of the most interesting are those in which, accord- 
ing to Longley [1932], the chromosome numbers in the perennial forms are twice as 
many as in the annual forms, viz., Sorghm halepensis and Sorghum suiammis. 

The occurrence of four male nuclei has been found to be not uncommon in at 
least certain of the sugarcane varieties. Dispermatic fertilization is probably not 
the cause of increased chromosome number in the species hybrids in Smoharum B.^ 
the chromosome counts indicate that a doubling has taken place only in the chromo- 
somes of the female parent and not of the male parent. In one of the seed- 
lings of the cross P.O.J. 2876 and Glagah, at Pasoeroean it was found that the 
chromosome number was 220, wliich would mean that the chromoBomes in both the 
parents had doubled. This might perhaps be a case in which the chromosomes of the 
female had split longitudinally during fer til and had also received ewo male 
nuclei. 

In certain plant genera an increase in chromosome number has been found to 
be associated with an increase not only in the size of the cells but also in the size 
of plants. Sharp [1926] in discussing the relationship between tetraploidy and 
gigantism states that ^Hhe tetraploid mutants are frequently characterised by an 
unusually large size, not only in the plant as a whole, bat also in its anatomical 
constituents. Winkler [191^^ Sokmcw ; Tapper and Bartlett [1916] on Oenothera 
Not all cases of gigantism are associated with tetraploidy. In a form 
oi Primula sinensis [QvegoTy , 1909 and 1914], it is associated with an increase in 
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the size of the chromosomes and not the number, Sinoto [1925] reports that in 
Phntago japonica, a giant form, the number of chromosomes is one-half than that 
in the ordinary P. major, yb>t, asiatica'', Denham [1924] found that the cotton 
plants having 26 chromosomes were on the whole much larger than those with 13 
chromosomes. Erlanson [1929] measured the diameter of the microsporocytes of 
Rosa at diakinesis and found that the diploid types had the smallest cells and 
the hexaploid the largest, although there was considerable overlapping between the 
cell sizes at diakinesis in tetraploids and hexaploids, Heilborn [1927] compared 
the size of pollen tetrads in Draba and found that on the whole the size of the cells 
increases with the rise in chromosome number. Bremer [1925] found that the 
cube of the radius of the microsporocyte nucleus at the diakinesis stage was about 
ten times the haploid chromosome number. In similar measurements made in the 
varieties studied in this paper, this ratio was not found to hold good. It may, 
however, be stated that the nuclei of S, spontaneum were decidedly smaller in size 
than those of Eurtber, the three varieties of 8, offioinarum, viz,, 

Poovan, Chittan and Puri, all having the same haploid ohromosome number differ 
from one another in the size of their microsporocyte nuclei. Tahara [1915] found 
that in Ihe genus Ohrysmlhemnm, different species with nine chromosomes had 
nuclei of very different dimensions. 

A cytological examination of the various species of Sacohanm and allied genera 
would help in deciding the systematic position of these forms. From morphological 
view point, Hooker [1897] mentions in the '' Flora of British India ' I find no 
characters whereby to distinguish Erianthus from Saoeharum Qxoe'gt that given 
above (glume IV awned), which is all but illusory, and a re-examination of both 
genera may lead to a better disposition of their species under two or more genera 
or sections In fact Bremer [1925] after a very careful examination of cytological 
data came to the conclusion that 8, munja and 8, arundinamm should be classified 
under the genus Erianthus. 

The abnormal einbryo-sac having the antipodais towards the micropyle and the 
egg towards the opposite end, was the only one of its kind met with in an 
examination of the sections of over 600 ovaries comprising seven different 
crosses. The egg of an embryo-sac situated in the abovementioned unusual 
manner, would by normal fertilization give rise to embryos whose hypo- 
cotyle would point towards the chalaza, instead of the micropyle. The writers 
never came across any such embryo in the large number of sections examined. 
Such embryos, however, have been reported by Woodworth [1930] in Alnus rugosa, 
which according to him had originated apogamously from the antipodal cells. 

Most of the varieties of 8. ojffiGinanm B.ie -pmhMy of hybrid origin. Lagging 
univalents were often met with and sometimes extruded chromatin was also noticed. 
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As is well known '•' the presence of unpaired or univalent chromosomes is one of 
the most striking indications of a hybrid The occurrence of polyembryony and 
apogamy would lend support to the above supposition, as according to Ernst 
[1918] hybridization is the initial cause of meiotic irregularities, apomixis, polyem- 
biyony, etc. ’ ^ 

XI. Summary. 

The haploid chromosome number in Puri, Vellai and Shamshara was found to be 
40, and about 40 in Poovan and Chittan. • 

The Coimbatore form of S. sfontanmm was found to have 32 haploid chromo- 
somes, while Co. 205, a seedling of the cross between VeUai and 8. smntwmim 
(Coimbatore), had 66. 

The size of the nuclei of the microsporocytes was not found to be definitely 

proportional to the haploid chromosome number. 

^ An abnormal embryo-sac was met with in the cross YellaixC. A. C. 87 in 
which the antipodal cells were situated towards the micropyle and the ees and 
polars towards the chalaza. 

^ _The poUen tube was found to have reached the embryo-sac seven hours after 
poUinatmn. The endosperm was seen to be in the coenocytic stage one day after 
polhnation and the division of the egg had commenced two days after pollination 
A poUen tube containing four male nuclei was seen inside the embryo-sac ’ in 
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XIII. Explanation of plates. 

Except as otherwise stated, all figures were drawn with a Leitz periplanatic eyepieee.No. 20 
and 1/12 achromatic oil-immersion objective, with the aid of Zeiss Abbe’s Camera Lucida at 
stage level. They were reduced two-thirds in reproduction. 
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Plate Y.—Yelhi. 

Fig. l, — ^Begular heterotypic metaphase. 

irregular heterotypic metaphase. 

Fig, 5.-— Heterotypic metaphase, polar view, showing forty hivalents. 

Fig. 4. — ^Heterotypic metaphase, polar view, showing 41 chromosomes, probably B9 bivalents 
and two univalents. 

Fig. d.— Heterotypic anaphase ; note lagging chromosomes and extrusions, 
ffig, d.«-"Homeotypic divisions ; polar view of the equatorial plate in one of the diads and 
side-view in the other. 

ShamsJiara. 

fig^ 7.-— Biakinesis, 33 pairs and 14 univalents. Keconstructed from two sections. 

Fig. 8. — ^Heterotypio metaphase, polar view, 40 bivalents. 

— Same as above, but with 38 bivalents and 4 univalents. 

J’igr. id.— Begular heterotypic metaphase. 

Jig. ii.—Interkinesis, diad split nearly completed. 

Fig. 12. — Biads. 

23 ^ — ^Homeotypio divisions, metaphase somewhat irregular in one of the diads. 

Fig. ii.— Gross section of a flower, showing 3 anthers and 2 styles. 

Fig. 15. — Same as above, showing only one anther, the other two being suppressed. 

Fig. 16.— Same as above, but partition wall in one of the locules incomplete. 

Plate VL 

Fig. i 7.— Gross section of the flower of Shamshara showing two pairs of styles. 

Poomn. 

Fig. 18. — ^Biakinesis, showicg 34 bivalents and 12 univalents. 

Fig. id.— Heterotypic metaphase, polar view ; 33 bivalents and 13 univalents. 

Fig. 20. — Same as above, but with 23 bivalents and 39 univalents. 

Jtg. 2 i.—Heterot 3 ^ic metaphase somewhat irregular. 

Fig. 22,— Heterotypic anaphase, with lagging univalents. 

Jig. 23.— Somatic plate, showing 78 chromosomes. 

Ohittan. 

Fig. 2i.— Biakmesis, showing 40 paii*s. 

Fig. 2d.— Heterotypic metaphase, polar view. The chromosomes ars closely packed together* 
Jig. 2d.— Heterotypic anaphase with lagging univalents. 

Jig, 27.— Somatic plate, showing 78 chromosomes. 

■ ' ■ Pun. ■ 

Jig. 23.— Prophase. Note the protuberance on the nucleolm 
Fig. 29. — Biakinesis, showing 40 pairs. 
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Hg. SO , — Heterotypic metaphase ; side view. 

«3i.—-Heterotypic metapliase ; polar view, showiog 40 Tbivaients. 

Fig, S2, — ^Heterotj^pic anaphase. 

Heterotypic telophase. Note the extruded chi’omatm. 

Fig. Si , — ^Interkinesis ; diad split almost completed. 

Fig, SS , — Homeotypic divisions ; 40 bivalents in each of the diads, 

Plate Vll . — Sacchamm spontaneum (Coimbatore). 

«3d.— -Diakinesis ; showing 32 pairs. 

Fig, 37 , — Heterotypic metaphase. 

Fig, 38 , — Heterotypic metaphase, polar view, showing 32 bivalents. 

Fig, 39 , — Same as above in another microsporocyte. 

Fig, iO , — Same as above in a third microsporocyte. 

Heterotypic anaphase. 

Fig, 42 , — Interkinesis ; diad split not yet commenced. 

Fig, 43. — Diads. 

Fig, 44 , — Homeotypic divisions ; 32 chromosomes in each diad. 

Fig. 45 , — Pollen grains just released from the tetrad stage. 

Fig, —Somatic plate, showing 64 chromosomes. 

Oo. 205. 

Fig, 47 . — Diakinesis ; showing 56 pairs. Eeconstructed from two sections. 

Fig, 45.— Heterotypic metaphase, polar view showing 56 bivalents. 

Fig. 49 , — Same as above in another microsporocyte. 

Fig. 50 , — Heterotypic metaphase. 

Fig. 51.— Heterotypic anaphase, showing lagging univalents. 

Fig. 52 , — Homeotypic divisions, 56 chromosomes in each diad. Lower diad reconstructed 
from two sections. 

Pirate VIll. 

(In this plate the figures were redxiced to one-half in reproduction.) 

Fig. 55.— Vellai X C. A. C. 87. Longitudinal section of the ovary showing an abnormal 
embryo-sac. Note the occurrence of the antipodals towards the micropylar 
end and of the egg and polars towards the opposite end. Reconstructed 
from two sections. style ; 0 outer integument ; i int^ inner integu- 
ment ; per^ pericarp ; pols, polars ; mic^ micropyle ; ant, antipodals. (Leitz 
eye-piece No. 6, objective No. 4.) 

Fig, 54.— Embryo-sac in above, enlarged. (Leitz eye-piece No. 10, objective No. 7.) 

Fig, 55, — P.O.J. 2726 X Co. 285. Pollen tube entering the micropyle. Seven hours after 
poUination. (Zeiss eye-piece No. 10, objective No. 40.) 

Fig, 55.-~'VeUai X P.O.J. 1410. Pollen tube inside the embryo-sac. % hours after pollina- 
tion. m n, Hiale nucleus ; pt, poUen tube. (Leitz eye-piece No. 6, objective 
; No. 4.) ^ 
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J’i^. 57.-Vellai X B. 3412. Showing the pollen tube inside the embryo-sac with four 

malenuclei. (Zeiss eye-piece No. 5, objective No. 100.) ^ 

Fk S8.-~YelM x C.A.C. 87. Showing the first division of the prim aiy endosperm 

nucleus; telophase. Eight hours after poiimation, 5^^^, synergi^ 

synergidal cap. (Leitz eye-piece No. 6, objective No. !/!*,(.) 

Fig. ^^^.—Vellai X O.A.C. 87. Showing ovogenio apogamy. emh, embryo. (Leitz eye- 
piece No. 15, objective No. 4.) . ^ 

^Vellai X O.A.G. 87. Showing Polyembryony. (Leitz eye-piece No. 6, objective 

No. 4.) . . TVT max 

Fig. di.-^Same as above, embryos enlarged. (Leitz eye-piece No. 6, objective No. 1/1^.) 
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L— Iotroduction. 

The fatty acids which occur in nature as glycerides in the fats and oils contain 
carbon atoms ranging from C 4 to €34 inclusive. The more prevalent fatty acids in 
the vegetable kingdom generally contain an even number of carbon atoms. Acids 
with an uneven number of carbon atoms or cyclic acids are comparatively rare. 
Acids with and Cig like palmitic, stearic, oleic, linolic, etc., form the major 
portion of a vegetable fat. 

Another striking feature in these fatty acids is the position of the double bond 
in the molecule of unsaturated acids. In the 0^11 2^.2 myiistoleic, oleic 

or erucic it is in the 9 : 10 position from the CHg group ; so that in oleic acid it is 
just) in the centre of the molecule. In the linolic or linolenic acids one of the double 
bonds is just in the 9 : 10 position from either end of the molecule. 

Again each different species has a distinctly different kind of fat. Yet the fat 
of each species is fairly constant in composition though the species may be grown 
in widely differing localities. 

These facts suggest that there is some common mechanism in the formation of 
these fats in nature. Whatever mechanism is propounded to explain the synthesis 
of fats it must explain (as Armstrong and Allen [1924] put it) 

( 1 ). The formation in certain cases of acids consisting of all the lower members 
of the series. 

■ 57' : ■' 
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(2) . Tlie formation of Oig acids, sometimes together with varying proportions 
ofCie and C 20 acids. 

(3) . The formation of oleic acid and the position of the double bond in the 
middle of the chain. 

(1) . Fats are synthesised in plants and in animals from carbohydrates, the unit 
attacked being the primary or basic Oig complex of starch which workers in the field 
of carbohydrate chemistry now consider to be the nucleus of most polysaccharides, 
rather than the simple Cg unit of glucose. The Cig unit consisting of three Cg units 
united through oxygen atoms, undergoes internal re-arrangement, oxidation and 
reduction, at which moment the rupture of the oxygen bridge and the joining of 
carbon to carbon might take place. 

The product would probably be stearic acid, oleic acid appearing at a later 
stage. The formation from this of homologous acids higher and lower, both saturated 
and unsaturated, with an even number of carbon atoms might be explained perhaps 
by the process of oxidation and aldol condensation. 

(2) . Second type of fat synthesis is that in which the mechanism is such as to 
lead to the formation of all the lower members of the series with an even number of 
carbon atoms, the action taking place in a solution of simple carbohydrate (sugar 
not starch). The simplest explanation of such a series appears to be the building up 
of the acids from one another by repeated aldol condensation. In this case the 
possibility of a progressive far reaching degradation from C^g acid to the lower 
acids must not be excluded as an alternative. 

Armstrong and Allen [19241 also refer to the theory put forward by Nencki for 
the butyric fermentation of lactic acid, thus 

OH3.CH(OH).COOH > CHg-OHO-fHCOOH 

Lactic acid Acetaldehyde+Formic 

acid. 

OH8.CHO+H.CHa.GHO OH3.CHOH.CH2.CHO 

Two mols. aldehyde 

aldol condensation 

OH3.OHOH.OH2.CHO ^ CH3.eHOH.aH2.COOH 

Aldehyde oxidation Butyric acid. 

Higher fatty acids should be formed by a further union of aldehyde molecule 
and ensuring reduction so that this butyric fermentation would represent the first 
stage of a reaction which gives rise to the higher fatty acids with an even number 
of carbon atoms. 

3. The third theory (referred to by Armstrong and Allen [1924]), is that glucose 
is resolved into a 0, unit and these 0 units are condensed to fatty compounds or 
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substances approximating to them witb 6 and 9 carbon atoms— sucli units im- 
mediately combine with tbemselves to form or Cig molecule. In sucb a 
synthesis oleic acid might be the penultimate stage ; we have difficulty, according to 
this theory, in accounting for the ethenoid bond in the centre of the chain in any 
other fashion. It would appear that whatever may be the mechanism of synthesis 
there is a tendency to form compounds with Cjs atoms produced, it may be, from 
three molecules of glucose, either as such or, in the form of starch. The other fatty 
acids may be formed by secondary action from the Oig molecule ; viz., by the 
well-known p oxidation. There is comparatively little work on this line of 
study. Gerber is perhaps the pioneer in this line of research. He studied the olive 
seed and came to the conclusion that the formation of fat is accompanied by the 
disappearance of mannitol and proteins. Le Cler^ du Sablon [1893] has shown that 
in almonds carbohydrates are first brought in the seed and subsequently transformed 
into oil. Another important observer is Eyre [1924]. He has shown that in the flax 
seed the accumulation of oil is as rapid as three per cent, of the (dry) seed 
per day. The unsaturation of the oil increases only at the end of the development 
of the seed. 

Finally as regards the nature of the agents which are responsible for the chafes 
that the seed material undergoes only a few facts are known. The resting seed 
especially rich in oil contaius an enzyme (lipase) which is supposed to 
bring about the hydrolysis of the fat so as to liberate free fatty acids which are 
then in their turn broken down into still smaller units of carbohydrates which are 
necessary for the newly-developing plant. Similarly it has been shown that an 
enzyme is present in a developing seed which has the property of bringing about 
synthesis of fats from the free acid and glycerine. 

With a view to solve at least some of the problems described above a detailed 
study of the composition of the niger seed at various stages of formation and the 
nature of the oil that is accumulating was taken up. The results obtained were of 
the following nature. 

It was found that soluble carbohydrates are the precursors of all the other 
substances which are finally stored in the seed. Hexoses as well as small quantities 
of pentoses are brought into the developing seed which are then transformed into 
fatty acids, higher carbohydrates and proteid matter. So that finally in the resting 
stage of the seed the reducing sugars are totally absent, the pentoses disappear even 
a little earlier. In the building of the oil the first step is the formation of free fatty 
acids. Lower and saturated fatty acids are first formed from carbohydrates, 
probably by an enzyme. The transformation of the fatty acids into neutral 
glycerides progresses rapidly through the agency of certain active enzymes present 
in the seed. The activity of the enzyme is maximum when the rate of storage 






oil is the greatest. The unsaturation of the oil increases much in the latter part of 
the seed life. In the earlier stages much iinsaponiflable matter is present in the oil. 


As regards the unit of carbohydrate which is attaclied to form the fatty acids, 
it seems probable from the resnlts that the lower units of Cg and C 12 contribute 
the maximum amount. Especially the reducing sugars, and hence the Cg molecule, 
have very intimate coimection in the appearance of the oil in the seed. This fact 
is vividly brought forward when the graph (Eig. 1) for the oil is compared with 
those for (1) reducing sugars and (2) non-reducing sugars. In the beginning the 
reducing sugars rapidly accumulate in the developing seed, attain a maximum 
and then show a rapid decrease in this amount so that they totally disappear in the 
resting condition of the seed. This occupies a very short period of the life of the 
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‘ Till a certain stage of the life of the seed practically very little oil is developed 
in the seed ; a certain amount of reducing sugars is first accumulated, the deyelop- 
ment of the seed is sufficiently progressed and then the rate of accumulation of oil 
becomes enormous. The time required for the major part of the oil to accumulate 
is comparatively very short. Moreover this period of accumulation of the oil is 
characterised by the fact that it coincides with the life period of the seed when the 
reducing-sugar metabolism is the most active. The graphs for the increase of the 
oil and of the reducing sugars run parallel till the maximum for the reducing 
sugars is reached. Then the amount of the reducing sugars rapidly decreases and 
tbe two graphs are not parallel but only symmetrical about a certain axis in the 
opposite direction. The maximum of the oil and the minimum of the reducing 
sugars is reached precisely at the same time of the life of the seed. 



To a certain extent the same relation between the amounts of the non-reducing 
sugars and oil is observed, but only to a limited extent. This is made clear when 
the graphs for the two. viz., oil and non-reducing sugars, are compared. The rate of 
increase of accumulation of these sugars is not quite parallel to that of the oil. This 
storage of non-reducing sugars is not rapid till the accumulation of oil has pro- 
gressed to a certain extent. So that when the graph for these sugars shows a fall 
the graph for oil is nearly steady, ic., a straight line. Perhaps these non- 
reducing sugars contribute to the formation of insoluble carbohydrates and pro- 
teins (Tables IX and XI). 

All these facts taken together lead to the following conclusions 

(1) Fatty acids or fats are formed from carbohydrates in the seed. 

(2) The change of carbohydrate to fat takes place in the seed and no fatty 

substance is brought into the seed. 

(3) Finally the unit contributing most to the formation of the fat is the 

Cg molecule of glucose, the 0^2 and some pentose C 5 or Cio con- 
tributing a little. 

This would lead us to favour the theory number 2 and a part of 3 mentioned 
above. 

Three glucose molecules may combine together by the process of aldol conden- 
sation to form a Cjs Thus as the hexoses of glucose type predomi- 

nate, it is most natural that Cjs acids should be formed in preference to other 
acids. The presence of pentoses is also important though the percentage is 
small. They help to explain the formation of other acids. Thus a acid may 
be easily formed by the union of one pentose molecule of unit with a 
hexose molecule of Cg unit to form an acid in length. Similarly it may 
condense with two hexose molecules to form an acid 
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Since the condensation would proceed from 

2 0g~“~ ^ Ci2H''C6"“' ^ ^13, 

lower acids will be first formed and this is borne out by the fact that lower acids 
are formed in the oil in the earlier stages. 

The presence of the double bond in the middle of the chain may be explained 
in the following way (though no work directly bearing on this suggested theory 
has been done). It is generally known that the hydroxy group in the 
S-position of the glucose molecule is very labile and reactive. Secondly, that the 
glucose molecule is generally enolised in acid solution in the presence of water, 
thus 


CHaOH 
HO— L~H 
HO— l— K 
H— i— OH 
HO— (L-H 


CHgOH 
HO— O-H 
HO— i— H 
H— 1— OH 
HO— i 




11 

O-OH 
H— O— OH 


H— 0:0 


H— C— OH 



H 


8-gluoose 1 : 2-dienoI 3 : 4-dienol 

Such enolised molecules may condense together to form a Cig chain with the sub- 
sequent reduction of the hydroxy group. 

Thus, 


OHjOH + 0 : CH. (CHOH).. OHjOH 
HO-C— H 

HO— 0 > CHjOH. (CHOH),. CHsCH. (CHOH),.CHO 

II '■ 

O-OH 

H— l-OH 

H— 0— OH -f. 0;CH.(CHOH)..CHjOH 

■ ■ . H 

and then the hydroxy groups may be reduced to hydrogen atoms. Or a 3 : 4- 
dienol and a 1 : 2-dienoI may condense with a dextro-glucose to form Knoiio 
acid, the double bond being formed in the 9 : 10 and 13 : 14 positions. 
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the percentage of tlie linolic acid formed depending upon the equilibrium percent- 
age of the three molecules. 

IIv Composition of the nigeb seed at vabiods stages and the ineebencbs 

DRAWN THEBEEBOM. 

The experiments extended over two years. A plot of 10 gmithas was reserved 
each year and sown with the niger seed in the second week of July. The plants 
flower by the middle of September, profuse flowering taking place in the first week 
of October. 

General deseription of the plant and flower. 

Plant — The plant is generally 3 to 6 feet high and has a varying number of 
flowers ranging from 15 to 40. All the flowers of the same plants do not appear 
at the same time. 

Flower . — The flower is a composite type. It has either 8 or 12 (rarely 9 to 13) 
stray florets. They form the external whorl of petals of the flowers. The petals 
of a young flower are yellow in colour, which become golden yellow and finally 
brown as the age of the flower advances. Inside the big petals there are 3 whorls 
of florets. In each flower there are about 30 to 34 florets and hence an equal 
number of ovaries. Out of these about 20 ovaries form well developed seeds* In 
some flowers the number of florets is 40 to 44 and these flowers give a larger number 
of well developed seeds. 

From the time of opening the flower requires about 40 to 45 days to form a 
fully developed seed mature and ready for the resting stage. 

For experimental work ten stages were marked out, each stage taking about 
4 to 5 days to pass from one to another. 


Table I. 

The number of days required to pass from one stage to another. 


Stage 

Days after opening 

1 

■■■ 0 ' ' ■ • 

2 

5 

3 

13 to 15 

4 

21 to 23 

5 

26 to 28 

6 

30 to 32 

7 

35 to 37 

8 

41to43 


45 to 47 

10 resting 

80 onwards 


Seed.- 'In the first stage of the flower it opens out. The petals are yellow in 
colour, the red tinge is not vivid. As the days advance the red tinge goes on increas- 
ing and the petals become golden yellow in colour. It takes about 6 days for the 

■R’ 9, 
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flowei fco pass from one stage to anotlier. In the first three stages the seed consists of 
a white envelope containing an aqueous milh-libe fluid, the soh’d material makes its 
appearance in the latter period of the third stage. In the fourth stage the coat 
of the seed begins to assume a violet colour starting from the stem end of the seed 
which goes on spreading over the whole of the seed and finally deepens and ulti- 
mately becomes black. In the fifth stage the outermost whorls have seeds with a 
violet colour. From the sixth stage onwards the seed presents itself in the form 
of a black glistening coat having the same appearance (or a little more glistenir^ 
perhaps) as that of the final stage. In the final resting stage the seed is either 
glistening black or brown. Up to the fourth stage the coat of the seed cannot be 
separated from the inner material, which till then is a milky fluid. In the latter 
part of the fourth stage the cotyledons begin to form as a soft, white material easily 
crushed and separated into two parts. These soon develop into a solid material 
and finally assume the form of the two cotyledons of the resting seed. Up to the 
sixth stage this part is very soft. 

Samfling of the seed for analysis. 

As already stated the flowers were labelled on the day of their opening. These 
labelled flowers were sorted out on the day on which they were judged to have 
reached the stage desired. Such flowers of similar appearance were collected in 
the required stage and from these flowers the seeds of the two or three external 
whorls were separated from the florets, cleaned and then taken for analysis and 
further work In the first three stages it was impossible to collect a sufiicient 
sample for analysis and ether extraction and hence only a qualitative study of 
these stages was possible. 

Composition, of the seed. 

(reweral.— The composition of the seed was determined in the usual way 
[A. 0. A. C., 1921] for (») moisture, (6) sugars reducing and non-reducing, (c) albu- 
minoids, (d) cellulose, (e) ether extract, and (/) ash. 

It was found that the results of the two years were in very good agreement as 
may be seen from the following table : — 


Table II. 

Some of the components of the seed in some stages. 


Stage 

IV 

1 

1 VI 

1 VIII 

Year 

1929 

1930 

1929 

1930 

1929 

1930 

Per cent, moist ore • , 

„ reducing sugar on 
dry seed 

„ ether extract on dry 
seed 

66-8 

6-10 

7-4 

68-0 

5-02 

7-9 

49-7 

2*85 

, :,:'27-2 , 

i' ' 

62*0 

3*05 

28*0 

16*4 

0*30 

40*1 

16-6 

0-16 

40-S 
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WetgJit of ike seed at mrims stages of formation and moisture percentages 

As already indicated flowers were labelled on the day of tbeir opening, and 
from this tbe stage of the respective flowers was determined. From such flowers 
the seeds of the two external whorls were chosen ; and out of a large amount of 
cleaned seed an average sample of not less than BOO seeds was taken. After 
weighing the measured number of seeds the same sample was kept for moisture 
determination in a water-oven. When the seeds were dry their weight was taken. 

Table III. 

Weight of the seed in the wet condition and the moisture percentage at fJie various stages 

of formation. 


Wt. of 100 seeds wet . 


0'300 0*387 0*4:65 0*642 0 570 0-419 0*378 


Wt. of 100 seeds dry 


Per cent, moisture . » . 80*3 68*05 | 64*9 49*7 38*6 16*6 84 

Thus it is evident that till the end of the 6th stage the total weight rapidly 
increases and then it shows a diminution in weight. Still the weight of the dry 
matter of the seed is maximum only in the 7th stage. 

The pjTotems of the seed. — The seed which was used for moisture determinations 
was used for the determination of nitrogen percentage of the seed. This was done 
by the Kjeldahl-Gunning method (A. 0. A. C.). The proteins were calculated by 
multiplying the figure for nitrogen by 6*25. It is found that the proteins make 
their appearance at the end of the 3rd stage. 



66 


INDIAN iDUENAL ON AfeEICtJLTUEAL SCIENCE 





«^wT-ABLE IV. 

WsigU of 'protams and theit’ percentage cU various stages. 


Stage 

3 

4 

6 

0 

7 

8 

■ 9 

Wt. of 100 diy seeds , . . 

0*066 

j 

0*124 

0*210 

0*331 

0-.349 

0*342 

0-336 

Wt. of proteins ill 100 seeds (K x 


0^007 

0*026 

0*066 

0*070 

mis 

'O'lna 

6*25) 

t^ercentage oH dry seed • 

•• 

6*45 

11*2 

* 17*5 

20*6 

21*93 

21*8 


The maximum rate of increase is in the 6th and 7th stages of development. 
The maximum amount of proteid matter is accumulated in the 8th stage, then a 
slight decrease in the total absolute amount of proteids is seen. 


JsA.— The ash was determined by burning a weighed amount of the seed in 
the 6th, 8th and the 10th stages only. 


Table V. 


The ash in seed at various stages. 


Stage 


8 

10 

of ash of 100 seeds • . . • . 

0*012 

0*0168 

0*0186 

Percentage on dry mat tet . . . . 

3*6 

4*9 

5*4 


Ether extract. — The ether extract represents roughly the oil present in the seed 
together with the unsaponifiable matter soluble in ether like the higher alcohols or 
the colouring matter. 


Porthis determination the flowers collected were sorted and the seeds from 
the external two whorls were cleaned out and crushed in a clean mortar and a 
uniform sample prepared. The ground samples of seeds were then extracted with 


i 
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petroleum ether, and the oil obtained from the ethereal solution by evaporation of 
the solvent. 

The use of petroleum ether was found to be more convenient as ethyl ether 
extracted much more colouring matter, water and some reducing substances like 
sugar along with the water. Thus the figures for the reducing sugars of the samples 
of seed after extraction with ethyl ether are much lower than those of the same 
samples before extraction. 

Table VI. 

Amount of Teducing sugars {as glucose) as determined hy FeMinfs solution hef ore and 

after extmciion with ethyl eiher 


stage 

3 

4 

5''' , 

Per cent, reducing sugars of extracted seed 

5-2 

4*8 

2-04 

Unextracted . . . . . . . 

6-1 

'■ 5*7 '■ 

2*35 


All these little difficulties introduce some errors in the further examination 
oi the oil ; and hence the use of petroleum ether. 

Twenty to twenty -five grams of the cleaned seed in the various stages were 
prepared into a uniform sample and extracted with petroleum ether and the percen- 
tage of the oil determined from the weights of the ether extract and the weight of 
the seed taken. 

Table VH. 

The weight of oil m seed at various stages, 


Stage 

3 

4 

5 

6 

1 

8 

. 

9 

WeigM of 100 dry 
seeds 

0-005 

0*124 

0*210 

0*331 

0*349 

j 

0*342 

0*336 

Weight of ether 
extract 

0*00 

o-oon 

1 0*048 

0*0876 

0*136 

0*143 

0*146 

Percentage on dry 
seed 

0-0 i 

7-4 

17*5 

28*0 

38*7 

40*6 

42*0 


It vdll be seen from the above Table and Figure 1 that the oil-percentage 
increases rapidly within a comparatively very short period of the developmenb of 
the seed. From the 5th to the 7th stage 21:2 per cent, of the oil, i.e., half of the 
total amount is brought in the seed. Up to the 5th stage the seed is accumulating 
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much reducing sugars and the development of the seed progresses when a rapid 
accumiilation of oil is visible. 

CafhohydTates,--^l!}iQ carbohydrates of the seed may be classified as follows - 

(1) Water-soluble — 

(fij) Reducing sugars such as glucose. 

(6) Non-reduciug sugars which are hydrolysed by heating with acids, 
sucrose. 

(2) Those insoluble in water but soluble in acids and alkalis. These would 

be of dextrin or starch type, and are detennined indirectly by 
differences. 

(3) The water, alkali and acid-insoluble portion of the seed mimis the 

ash. This is designated as '' fibre 

The determinations were done in the usual order, but for the convenience of 
discussion and comparison the fibre and other carbohydrates are taken first. 

Woody fibre , — The woody fibre was determined as usual by digesting a crushed 
sample of the seed with 5 per cent, alkali, 6 per cent, sulphuric acid, and washing 
with alcohol and ether. The amount of crude fibre matter insoluble in all 
the above reagents after boiling for half an hour with each was taken to represent 
the fibre present in the seed. 

Table Vin. 

Theweight of woody fibre in too seeds at various stages. 


Wt.of 100 diy seed . 
Wt, of woody fibre 
Percentage of woody fibre 


3 

4 

0*065 

0-124 

0-040 

32-3 



8 

0 

0-342 

0-336 

0*0602 

0-0504 

14-8 

16-0 


determinations and the weight of the seed in all the stages. This is obtained by 
subtracting the weights of water, reducing sugar, non-reducing sugar, protein 
matter, woody fibre, ash and oil from the actual weight of the seed. The following 
table gives a rough idea of the amount of these carbohydrates thus obtained in the 
various stages of formation. 
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Table IX. 

Approximate weight of the carbohydrates m seeds. 


Stage 

4 

5 

6 

7 

8 

9 

10 

Wt. of 100 dry seeds . . 

0*124 

0-210 

0-331 

0*349 

0-342 

0*336 

■ , 1 

0-336 

Wt. of carboliydrates in 100 seeds 

0*050 

0-062 

0-077 

0*061 

0-0432 

0*0426 

0-0420 


Reducing and non-reducing sugars.— ’l&a grams of fresh seed were crushed in a 
porcelain mortar and extracted with water. The extract was filtered and then 
defecated with the least amount of basic lead acetate solution and then made up 
to 126 C.C. After removing the excess of lead from 50 c.c. of the extract by means 
of solid sodium phosphate, the reducing sugars were estimatedin the usual way 
[A. 0. A. C,, 1921, Arts. 24 and 26] by means of Fehling’s solution both gravi- 
metrically and volumetricaUy and the results calculated as glucose. From another 
60 c.c. of the same extract non-reducing sugars were estimated by hydrolysing with 
hydrochloric acid. 

Table X. 

Amount of glucose in 100 seeds in the various stages. 


Stage 

3 

4 

6 

. 

. . 

6 

7 

8 

9 

Wt of 100 dry seeds • 

0*066 

0-124 

0*210 

0*313 

0*349 

0*342 

0*336 

Wt of reducing sugars in 100 seeds 

0*003 

0-006 

0*013 

0*009 

0‘004 

0*001 

0*000 

Pei'centage of reducing sugars on 
diy seed 

4*61 

6-02 

i 

6*72 

2*85 

1*04 

0*30 

0*00 


The results are calculated on oven-dry basis. As will be shown later on there 
are present pentose sugars in the seed in the earlier stages and the results are 
calculated above as glucose, the definite nature of the other type of sugar not being 
fully known. In the first two stages which were analysed qualitatively the reducing 
sugars were found to be present in appreciable quantities. It appears that the 
reducing sugars make their appearance as soon as the seed begins to develop. The 



stage 


0-342 0*336 

0*0126 0*0087 

3*7 , 2M 


Relation of fat to carbofhydmtes. 

It is a very interesting thing to note the relation between the absolute amounts 
of oil and the sugars present in the seed, thus 

TableXII. 

Weights (f sugars and oil in 100 seedk. 


Weight of reducing sugars . 
Weight of oil , . 

Percentage of reducing sugars 
Percentage of oil 


0*003 0*0062 0 

0*029 0 

4*6 6*02 6 

^ - 7*4 1 


The graphs (Fig. 1) of these two are very striking in that the amount of reducing 
sugars goes on increasing up to the end of the 6th stage, so that the graph is rising 
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amount of the same goes on increasing to the middle part of the 6th stage and then 
decreases rapidly. This has a very important correlation with the amount of oil 
percentage as will be seen on comparing the two graphs (Fig, I).’ 

Non-redming sugars—^&Q c.c. from the original extract after defecation with 
lead acetate were hydrolysed with hydrochloric acid, which brought about the. 
inversion of the non-reducing sugars. The amount of reducing sugars thus formed 
was estimated by titrating with standard Fehling s solution as usuaL The results 
are given as sucrose. 

Table XL 

Amount of non-reducing sugars as sucrose in 100 seeds in the imious.' stages, ^ 


The graph for this shows a gradual increase in the amount of these sugars and 
then a decrease in the latter part of the life of the seed. Perhaps this rise and 
decrease is related to the formation of the other carbohydrates and protein matter 
which is accumulating in the developing seed. 
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but fls soon as the 6 tb stage is reached the amount of reducing sugars begins to 
decrease rapidly so that the graph shows a steep descent, in fact it reaches the 
line of origin even in the 7th stage of the life of the developing seed. The very 
reverse is the case with the amount of oil present in the seed. The graph for oil is 
comparatively a flat curve in the first four stages, in fact even to the middle of 
the 6 th stage, but it soon begins to rise so rapidly that the maximum is soon reached 
and then the graph assumes the form of a straight line, as the amount of oil re- 
mains constant. This seems to lead to the conclusion that probably it is the 
smaller unit of Cs or Cj molecule which contributes most for the formation of the 
oil in the seed. The non-reducing sugars show more relation with the formation of 
other carbohydrates and proteids in the seed. Hence the Cj 2 unit seems to contri- 
bute more to the other food material than to the oil. 

The nature of the carbohydrates present in the plant. 

Before accepting as a general rule that fats are synthesised from carbohydrates, 
the fatty acids being the first step towards the building of neutral glycerides, we 
have to explain a fewpoints. 

( 1 ) . What is the probable nature of the carbohydrates that are present in the 
plant in all the stages of seed development ? 

( 2 ) . Is no other substance excepting the sugar of glucose type brought in to the 
seed, for example an aldehyde with a straight chain of carbon atoms ? 

(3) . Are all the transformations carried out in the seed or are they going on in 
the leaf— -the main centre of photo-synthetic activities — and the products of trans- 
formation, for example fatty acid, are then brought into the seed ? 

As regards the last question Priestley says that fat-metabolism probably starts 
from carbohydrates and takes place even in the dark, if a liberal supply of carbohy- 
drates be given. He also calls attention to the fact that apparently fat synthesis 
can only take place in the cell that is going to use the fat or store it, for there are 
fatty substances present in the transpiration steam. But an interesting substance 
has been isolated by Curtious and Franzen [1914:] by distillation with steam of 
macerated leaves. After the removal of the acids in the distillate they were able 
to isolate a-B-hexelene-aldehyde, CH 3 . (CH 2 ) 2 . CH ; CH.CHG. This aldehyde, they 
state, gives many reactions of formaldehyde. If there be any such substance 
being brought into the seed in quantity, then it is very likely that such a substance 
is very easily transformed into a straight chain of fatty acids by the well-known aldol 
condensation. Thus CHg. (CH2)2- CH : CH. CHO+HCH2. (CH 2 ) 2 . CH : CH. CHO, 
two aldehyde molecules condense to form CH3. (CH2)2. CH : OH. CH(OH). CHg 
(CH 2 ) 2 - CH : CH. CHO ; this with two more molecules would give a aldehyde 
which then by B-oxidation may give Cjg acid. 
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With a view to ascertain this last point a set of experiments was arranged. Al- 
dehydes, if present in the leaves or stem through which the transpiration stream 
should be flowing to reach the flower, can be detected in a distillate of the same. 
Some ten plants of average growth and having bunches of flowers were cut 
down. The flowers and the other parts of the plants were separated ; and the two 
separated portions were then steam-distilled and the distillates collected. 

Both the distillates were found to be a little acidic and were neutralised with 
2V/10 potassium hydroxide. The neutralised distillates were then extracted with 
ether, 500 grams of the plant gave only O’l gram of a brownish substance. The 
flowers gave a little less of a similar substance. This substance gives a faint 
reaction of aldehyde with magenta solution. The quantity and the intensity of the 
reaction with the magenta solution shows that no volatile aldehyde is being brought 
in to the seed. As will be shown later on there are present in the seed and plants 
some pentoses or pentosans, which may yield a little of furfurol if distilled with 
steam. 

Another set of samples of plants and flowers were distilled with steam with pre- 
vious addition of hydrochloric acid. It was found that the plant portion nearly 
in all stages gave a brownish viscous material in the distillate. This seems to be 
an aldehyde, since (a) it gives a red colour with decolourised magenta solution and 
(&) a blue-black precipitate with phloroglucinol in hydrochloric acid solution (Hok- 
stofE^s reagent). This must be due to pentosans present. 

Similarly the seeds in the earlier stages {viz,, up to the 7th stage) give the same 
substance when steam-distilled after the addition of hydrochloric acid. In the last 
three stages no such substance is obtained unless the distillation is very prolonged. 
This substance gives a blue-black precipitate with phloroglucinol (Hokstoff reagent) 
and also a derivative with phenyl-hydrazine-hydrochloride which melts in the 
vicinity of 190®G. This derivative could not be identified as the quantity was not 
sufficient to recrystalise. Thus it is evident that the seed and the plant contain 
pentoses or pentosans which when distilled with hydrochloric acid yield furfurol. 
But the weight of the blue-black precipitate with phloroglucinol is enough to account 
for only a small portion of the reducing sugars present in the seed at the various 
stages. This shows clearly that along with the hexoses some pentoses are also 
present in the seed in the earlier stages of the life, which finally disappear and are 

absent in the resting condition of the seed. 

Another attempt made to study the product brought into the seed with trans- 
piration stream was the following :~ 

The stems of plants which carried bunches of flowers in viirious stages of form- 
ation were cut just below the stalk of the bunch and the open end of the plant side 
of the stem was connected to a collecting glass tube by means of a short rubber 
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tube. To tbfe collecting tube was another outlet which was connected to an 
aspirator, so that a slight suction could be applied to the stem of the plant, to help 
the transpiration stream. Many such tubes were kept attached to a number of 
plants for two days. The collecting tubes before being attached to the plants were 
moistened with a little toluene to stop any undesirable change being brought about 
in the sap collected. Each plant gave about | c.c. of sap in two days when the 
plants were well watered. 

Such sap collected, was then tested for carbohydrates and fatty material. It 
was observed that the sap gives tests for carbohydrates with Mollsch’s reagent. The 
sap gives a slight coloration with magenta solution. But it gives no indica- 
tion of fats or fatty substances. 


Of course the means used are a little uimatural and it may be argued that the 
sap collected in this way may be an improvised substance brought by the plant to 
heal the wound. But still the experiment is not without its significance. For this 
is the general method employed to show the root pressure of plants, which shows 
that the wound is not easily healed and the transpiration stream goes on at least for 
some time after the wound is made. 

Thus aU this points to the conclusion that the only material brought in the seed 
is of the carbohydrate nature, of course leaving apart the nitrogenous and inorganic 
materials. Secondly, at least in the earlier stages of development some pentose sugar 
is brought in the seed which rapidly vanishes and is totally absent in the later 
stages of seed life. So also other sugars of the reducing type like glucose are 
brought in the seed and then transformed either into fatty acid, other carbohydrates 
of dextrine type, or albuminoids, most probably to a greater extent into fatty acids. 
The presence of pentose sugars explains some important aspects of the theory to be 
propounded for the fat metabolism. Thus it is easier to explain the formation of 
Cjfi acids as well as the Ojg acids. For it is possible that one hexose and two 
pentose molecules may condense together to form a Cjg chain. 




i 
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It appears also tliat Cg (or O5) is more responsible for fatty acid formation, 
than tbe bigger molecule— 0^8 of starch. 

Starch as such was not detected in any of the stages of formation. A few seeds 
were crushed with a little cold water and filtered through cloth. The filtrate when 
tested with an iodine solution gave no tests for starch. Similarly thin sections of 
the seed in all stages were examined under the microscope for starch, yet in no stage 
could starch be detected. Only in the later stages a brown coloration was visible 
when the slide was stained with iodine as in a sample of dextrine. Similarly when 
the cake of seed left over after extraction with ether and alcohol in the later stag^ 
was extracted with hot water a brown coloration was visible with iodine solution. 
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Tliis points out that starch is practically absent in the seed in any stage of forma - 
tion or in the resting condition. 

III. Some impobtant constants oe the nigeb seed oil at vabious stages. 

The petroleum ether extract was used for the determination of chemical and 
physical constants. The oil in the earlier stages is pale green in colour, and in the 
very early stages, namely, between the 3rd and the 4th stages, deposits some solid 
fat or fatty acids even at ordinary temperatures. The melting point is also higher 
in the earlier stages. 

Table XIIL 


Melting point of the oik 


4 to 5 


7 to 8 


67-5 


14674 


1-4691 


1*4704 


1*4707 


Stage of seed life 


Oil melts at ^0. 


1 to 0-0 •-‘7 to— 8-5 


62*4 


So also the butyro refractomater reading is lower in the earlier stages of forma- 
tion. 

Table XIV. 

The scale reading of the oil at various stages at 28^C. 


Thus it is evident that more saturated acids of oil are present in the earlier stages, 
because (i) the melting point and (it), the refractive index are higher in the earlier 
stages than in the later stages. 

The chemical constants dete rmined were the free acidity, the saponification 
value, iodine value, the unsaponifiable matter and the acetyl value in some cases. 

The free acidity and saponification value.— It was found that in the earlier 
stages the extract contains mmsh free acidity. The apparent saponification value 


Scale reading at 2S'*C. • 
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is lower in the beginning, but really the equivalent of the acids is higher and 
hence the saponification value is also higher. The oil contains much unsaponi- 
fiable matter. 

2-6 to 3 grams of the ether extract were weighed out into a 300 c.c. flask and 
mixed with 26 c.c. of neutral alcohol and the free acidity determined by titrating 
with iV/10 KOH in 60 per cent, alcohol solution using phenolphthalein as indi- 
cator. To the same were then added 20 c.c. of F/2 alcoholic KOH and the oil 
saponified by refluxing the solution for half an hour in the usual way. After 
|;itrating the excess of alkali with hydrochloric acid {N/2), the saponification value 
was calculated. From this saponified sample of oil the alcohol was removed 
after making the soap solution strongly alkaline with a little KOH— by evapora- 
tion on water bath. The soaps were then dissolved in 160 c.c. of water. This 
soap solution was then extracted with petroleum ether. From the soap solution 
after extraction the free fatty acids were liberated by an excess of hydrochloric 
acid and the free acids extracted with ether recovered and weighed. This gave the 
percentage of the fatty acids. The equivalent of these free acids was then deter- 
mined by titrating with standard KOH solution. 

Table XV. 


Free acidity as milligrams of KOH per gram of oil. 


Stage 

3 

5 

7 

9 

10 

KOH • 


' .. 

no 

41*5 ■ ■■ j 

14-6 

i 

8*8 

4^6 


Table XVI. 


The apparent saponification value in milligrams of KOH per gram of oil, 


Stage 

3 

5 

7 

9 

10 

Sap. value . . . . 

160*0 

180*2 

192*7 

193*4 

194*8 


Thus the free acidity is very high in the earlier stages, the ratio of the free 
acidity to the total saponification yaltje is given ip. the following table : — 



76 


INDIAN JODENAIi OE AGEIOULTDUAIj SCIBNOB 


[HI, I. 




Table XYII. 


Ratio of free acidity to saponification value multiplied by 100. 


Stage 

3 

6 

7 

9 ■ 

10 

Ratio P. A./S. V. multiplied 
by 100 

68*7 

23-3 

7*6 

, 4*6 . 

2*3„ 


As regards tie low saponification values they are due to the large amount of 
unsaponifiahle matter present m the earlier stages of seed development. Thus the 
saponification value is actually higher in the earlier stages if the free fatty acid 
percentage is taken into consideration. This is also Borne out By the equivalents 
of the free acids as oBtained from the oil after removal of the unsaponifiahle 
matter. The following table gives the free fatty acid percentage determined as 
indicated above. It also gives the equivalent of the free fatty acids, (1) when de- 
termined By titrating the acids in alcoholic solution, with KOH ; and (2) the 
calculated equivalent of the same from the percentage of acids. 

Table XVIIL 


Fatty acid percentage and molecular equivalents of the same. 


Stage 

3 

5 

7 

9 

10 

Percentage fatty acids . 

71*25 

85*24 

92-96 

94*0 

94*2 

to 

94*7 

* Equivalent in mgs. KOH 
per gram acid calculated 

224*6 

211*18 

209-0 

208*0 

208*0 

' 

Actually obtained , 

226*1 

212*00 

210-4 

208*2 

208*0 


^ _ - . , . . T . Saponification value X 100 , i ^ 

* The calcxilated eq^uiTalent is equal to fatty aoida C8,loulated from the apparent 

saponification value of the ether extract. Thus in the third stage equivalent of the acids in nigms. 
KOH is equal to the saponification value divided hy the percentage ol 

the fatty acids— '224*6 mgms. KOH, 

The figures for equivalents of the free fatty aeids as calculated are in very 
good agreement with those that were actually determined. This is evident from 
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the above Table. Hence it appears that the lower fatty acids are synthesised in 
the earlier stages and as the age advances the higher fatty acids are formed. 

Iodine value of oil and fatty acids.— The iodine value was determined by weigh- 
ing about 0-15 to 0-2 gram of the oil or the acids, as obtained after removal of un- 
saponifiable matter, into a dry bottle with good stopper. The substance was 
dissolved in 15 c. c. of carbon tetrachloride, and 10 c. c. of a iV bromine solution 
in carbon tetrachloride were added and the stoppered bottle kept in ice water in a 
dark cupboard to protect the reacting mixture from light as far as possible. After 
two hours 10 c.c. of a saturated solution of potassium iodide were added to the 
bottle, the whole shaken and the free iodine thus liberated was titrated with a 
standard sodium thiosulphate solution. In every set a blank was kept and from 
the reading for the blank and the substance the amount of bromine or the equiva- 
lent iodine absorbed was calculated. The oil and acids were kept at the same time 
and under the same conditions to avoid any error of the method. 


Mi 


Table XIX. 

Iodine value of the oil and fatty acids obtained from the oil after removal of 

unsaponijiable matter. 




Iodine value of oil 


Iodine value of acids 


Thus the .iodine value is low in the earlier stages of formation and increases 
as seed develops, showing that saturated acids are first formed and then the un- 
saturated fatty acids are developed. Perhaps it is possible that acids with 
hydroxy groups are first formed and the ethenoid linkage generated by removal 
of a water molecule ; thus :— 

X.CH ( 0 H).CH 2 .X' — ^ X.CH : 0H.X' + H^O, or, 
two different molecules may combine to form a bigger molecule, 

X.CH 2 .OH + H.CH.OH.X' ^ X.CH : CH.X' + H^O 
This is a very likely course of synthesis for as has been shown already the lower 
acids do make up their appearance in the earlier stages of formation, and because 
the acetyl value of the oil in the earlier stages is also higher, showing that more 
hydroxy groups are present in the earlier stages. The acetyl value as miUigrams 
of KOH required to neutralise the acetic acid from the acetylated product are given 
below* ■ " 



I 


! 

I [ 

i 

; I 






51-4 


23-2 


Acetyl value ^2*4 


2*86 


2*42 


1*11 


All tliese results show that in the earlier stages of the seed development lower 
saturated acids are formed and the unsaturated acids and higher acids are formed 
in the latter period of the life-historj of the seed. 

Unsaponifiable matter . — The large percentage of unsaponifiable matter in the 
earlier stages seems to be a viscous material which gives an intense green colour 
with the Wellman''s reagent. 

IV. — ^ENroMES CONITECTEI) WITH THE FORMATION OF OIL IN THE NIGER SEED. 

It is shown in the previous chapter that only sugars are brought into the seed 
by transpiration ; and these sugars are subsequently transformed into fatty acids. 
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Table XX. 

Acetyl value at different stages. 




THs cannot be, of course, taken as a definite proof of the presence of bydroxy- 
aeids in the oil for it is possible that if there is any free glycerine or some mono- or 
di-glycerides in the oil then these glycerides may also form acetic esters when 
boiled with acetic anhydrides. 

The iodine value of the oil as given above is only apparent, for the unsaponi- 
fiable matter which is present was also observed to absorb bromine (or iodine) 
which means it has some iodine value so that the real iodine value of the fatty 
acids is still lower than that deduced from that of oil in the earlier stages. The 
iodine value of free acids ought to be higher than the iodine value of the oil, if the 
iodine value of the unsaponifiable matter is not high. But since the iodine value 
of the unsaponifiable matter is nearly of the same order as of the oil and as the 
percentage of unsaponifiable matter is high in the earlier stages the apparent iodine 
value of the oil in the 3rd stage is higher than that of acids {vide Table XIX) 
whereas it ought to have been lower. So that it appears that the real unsatura- 
tion of the acids is still lower in the earlier stages than is indicated. It is most 
likely that oleic acid is first formed and linolic acid is formed later on. 

Reichert Meissl value.— This v&hiei which indicates the percentage of volatile 
fatty acids, i.e., of low molecular weights is also greater in the earlier stages. 

Table XXI. 

Reichert Meissl value in c.c. of KOH {NjlO). 


Stage 


R. M. Value 
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It is highly probable that such a change is brought about by an enzyme. 

In order to ascertain whether this is so, laboratory experiments were arranged. 
The results obtained give enough indication that the sugars are changed into acids 
by an enzyme. 

An extract of the seed in the various stages was prepared by crushing and 
grinding the cleaned seeds with ten times its weight of distilled water three succes- 
sive times. A set of six experiments was kept for each stage. 

(а) 50 c.c. of extract and 100 c.c. distilled water ; 

(б) 60 c.c. of extract and 100 c.c. of one per cent, glucose and one per cent. 

levulose solution ; 

(c) 60 c.c. of extract boiled for half an hour and 100 c.c. of the sugars in 

solutions; 

(d) 50 c.c. distilled water and 100 c.c. of the sugars in solutions. 

All the four solutions were kept in flasks and plugged with cotton wool and 
shaken from time to tune. After the fixed interval of time an aliquot portion of 
the mixture was pipetted out and titrated with A 710 KOH solution using phenolph- 
thalein as indicator. The following Table gives the number of c.c. of N/10 KOH 
required to neutralise 10 c.c. of the reacting mixture. 

Table XXII. 

Volume in c.c. of N 1 10 KOH required for 10 c.c. of solution. 


Stage 4tlx to 6tli 


Time in hours 



10 hrs. 

24 hrs. 

Set (a) . . . . . . - . 

0*5 

0-6 

0*8 

0*85 

(6) . . . . . . . . 

0*6 

1*1 

1-35 

2-18 

(c) . . . . . . . . 

0*6 


No 

change 

(d) . . . . ... . 

less thaoa 0*1 

j 


No change 


Stage 7th to 8th 




UII/L 
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Thus there is a much more increase in the acid value when the extract is treated 
with extra amount of sugars than the set to which no sugar is added. The one 
which is boiled before the experiment does not show any rise in acid value. This 
indicates a possibility of bringing about the change of carbohydrate into some acid 
by an agent present in the developing seed. 

The esterase of the seed. 

It has long been known that the seeds, especially oil seeds, contain a certain 
enzyme— esterase — which has the property of synthesising glycerides and esters of 
fatty acids with glycerine and other alcohols. Also it is an accepted fact that the 
nature of the reaction is reversible in character. Fokin [1906] had concluded that the 
hydrolysis of oils by seed ferments is not quite reversible though the hydrolysjB went 
further if the glycerol, one of the products of hydrolysis, was removed. But still 
later work has confirmed the reversible nature of the seed enzyme, and that the 
glycerides may be synthesised hy means of both animal and vegetable ferments. 
Welter [191,1] using 100 parts of fatty acids, 20 parts pure glycerine and 10 
parts of castor seed ferment has shown that the acid value of the mixture dimi- 
nishes during the first two days and the values obtained indicated that the follow*' 
ing percentages of fatty acids combined in the case of the acids named : — 


Paimkemel oil acids 
Coconut „ „ 

Groundnut „ „ 

Oleic acid 


SO per cent. 


2i 




19 

26 




No reaction occurs if the glycerol is omitted so that the diminution in the acid 
value is not due to anhydride formation. Taking into consideration the fact that 
the free fatty acids are the first step in the formation of oil in plants, it is natural 
that such an enzyme which would bring about the synthessis of neutral glycerides 
from fatty acids and glycerine should be present in the developing seed. Simple 
fatty acids and glycerine appear to remain unchanged for a very long time. 

It has been suggested that probably the same enzjune — lipase— concerned in 
the hydrolysis of fat may bring about their synthesis, or a different enzyme may be 
involved in each process. 

Ivanow [Harvey, 1929] has shown that the seed have the necessary catalyst 
for both the synthesis and the hydrolysis of fats. He used poppy seed which are 
normally rich in oil containing saturated fatty acids, and flax seed which are rich in 
oil containing unsaturated fatty acids. The enzyme of each kind was extracted 
with glycerine. To the glycerine extracts of poppy seed free oleic acid was added. 
In three months the acid number fell from 44-6 to 34-84. When oleic acid was 
added to the flax seed extract the acid number fell from 80-04 to 61-4 in three 
months and 16 days. There was no decrease in the acid number of blanks which 
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had been boiled to stop the action of the enzyme. Evidently there is esterification 
of the fatty acids and glycerine by some substance present in the seed-—an enzyme 
or catalase— soluble in glycerine. Preliminary work on the composition of the niger 
seed had shown that the first step in the formation of oil in the niger seed was the 
appearance of free fatty acids. Hence it was thought that there must be an 
enzyme present in the seed which would transform these fatty acids into neutral 
glycerides. Secondly if there be any such enzyme present in the developing seed 
its activity may be difierent in the various stages of the seed development. Eor 
as already indicated the ratio of free fatty acids to the oil present is different in 
the different stages, and also the rate of increase in the oil percentage is also 
different in the various stages. 

It was therefore decided to investigate (1) whether there is any such enzyme 
present in the seed, (2) whether its activity is different in different stages, (3) 
whether the same enzyme is able to bring about esterification as well as hydrolysis 
of oil, if a little excess of oilis added. 

The results seem to point out that there is an enzyme present in the seed which 
is capable of bringing about the esterification of free fatty acids and glycerine. The 
activity of the enzyme is different in the various stages of development, and is 
greatest when the rate of increase in the oil percentage of the seed is greatest, i.e,, 
in the 5th and the 6th stages. 

The enzyme does not seem to be capable of hydrolysing the oil. Some hold 
the view that there is only one enzyme responsible for both the synthesis and 
hydrolysis of oil ; and the percentage of water in the seed determines whether the 
synthesis or hydrolysis of the oil will predominate. This view in the light of the 
above experiment does not seem to be very exact. 

The stage of the seed from which the extract is prepared seems to be the more 
probable controlling factor. The addition of water or oil seems to influence the 
reaction in the same way as an excess of one of the reaction products would 
influence any mono-molecular reaction. Thus a fair excess of oil is not sufficient 
to stop all the esterification of fatty acids, though it seriously hinders the rate of 
th e reaction; if the extract has been prepared from the seed in the 5th or the 6th 
stage, when the oil accnmulation is most rapid. While the same proportional 
amount of oil when added to an extract in the later stages, say 9tL stage, has a very 
great retarding influence on the amount of esterification. In fact a slight increase 
is observed in the acid value of the reaction mixture, when the oil added 
is only 5 per cent, of the total reacting mixture, if the seed used for the 
preparation of the extract is from the last stage. The same view is upheld by the 
fact that in the resting stage the lipase is less active than in the germinating seed 
wh^^'^be radical is protruding. The resting sta^e seed seems to be incapable of 
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giving any extract wMch is active in bringing about tbe esterification of free fatty 
acids to any great extent. 

In short it seems that the nature of the enzyme affecting the fats or fa% 
acidSj changes with the age of the seed from which the extract is obtained. If it 
is only one enzyme it has the character of an esterase— catalase in the earlier 
life-history of the developing seed, while it assumes lipolitic character in the later 
stages, w., the germinating stage. If there be two different enzymes in the seed 
then the esterase predominates in the earlier part of the life of the seed, and the 
lipase develops in the later stages— the resting and the germinating— when the 
already stored fatty material is to be used for the benefit of the newly developing 
plant. 

The experimental part 

As is already indicated the seeds were collected in various stages by collecting 
them from flowers which were labelled on the day of their opening. The seed was 
separated from the two external whorls and then taken for the preparation of the 
extracts. 

Pure glycerol (strength 98‘ 6 per cent.) was taken for the experiment. The 
fatty acids used for the experiment were prepared from the niger seed oil by first 
hydrolising the oil with caustic potash in alcoholic solntion, the alcohol removed 
by evaporation and the fatty acids liberated from the soaps (dissolved in water) 
by strong hydrochloric acid. The liberated acids extracted with ether and the 
etherial solution dried over anhydrous magnesium sulphate, the ether removed and 
the fatty acids recovered, and kept out of contact with air. 

The extraction of the enzyme - — Preliminary work showed that it is better to use 
a mixture of equal parts of glycerine and fatty acids rather than the pure glycerine 
for the extraction of the enzyme ; for it appears that the concentrated glycerine 
has a dehydrating action on the fresh seed. The mixture of acids and glycerine 
extracted the enzyme to the same extent. 

The seed contains different amounts of water, and therefore the weight of the 
seed taken for extraction in the various stages was different. It amounted to about 
10 grams of dry material per 150 c.c. of the final reacting mixtures. Thus the 
weights actually taken are given in Table XXllI. 

Table XXIII. 


Stage between. 



Wt. in giams of wet seed . 
Wt. of dry seed 


9-1 


9-4 


10*4 
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The weighed amount of seed was well crashed and then ground with 20—20 
and 10 c.c. of the mixture of glycerine and acids three successive times and the 
extract filtered through a fine cloth to remove the coarser grains of the seed. The 
extract carried with it some fine aleurone grains, hut it was not thought necessary 
to remove them. Thus about 500 c.c. of the extract were collected. This was 
then mixed with 100 c.c. of acids or acids and oil as the case may be. For every 
stage a set of seven different mixtures was kept. 

(1) 60 c.c. extract and 100 c.c. fatty acids. 

(2) 50 c.c. extract and 100 c.c. fatty acids, the extract heated to 110°C. 

for half an hour before mixing. 

(3) 50 c.c, of glycerine-acid mixture and 100 c.c. fatty acids and 0*76 c.c. 

glacial acetic acid (Blank). 

(4) 60 c.c. extract and 100 c.c. fatty acids and 0*76 c.c. glacial acetic acid. 

(5) 60 c.c. extract heated to 110*^ 0. for half an hour and 100 c.c. fatty 

acids and 0*75 c.c. glacial acetic acid. 

(6) The same as (4) jpka 10 c.c. water. 

(7) The same as (4) 10 c.c. of oil. 

All these sets were kept in sterlized flasks plugged with sterlized cotton wool 
and kept under the same conditions. The minimum temperature for the period 
was 26°C. and maximum 29*6®C. in the laboratory where the flasks were kept. The 
reacting mixtures contained approximately 25 c.c. glycerine and 126 c.c. fatty acids 
to 10 grms. of dry seed weight. 

The addition of glacial acetic acid to the extent of 0*6 per cent, accelerates 
the esterification ; and it was found that larger amounts of acetic acid had not 
much effect on the rate of reaction, excepting that the maximum or total esteri- 
fication was a little more than when 0*5 per cent, was used. The addition of this 
acid seems to accelerate the reaction by creating a higher acid concentration. 

The reacting mixture was nearly uniform in the last stages when the water 
per cent, in the seed was not much, and in earlier stages when there was much 
moisture or in cases when extra water was added the glycerine showed a tendency 
to separate from the mixture to some extent and had to be shaken occasionally 
throughout the experiment. 

It was found that by heating the extract to 110°0. for half an hour the activity 
of the enzyme was destroyed. This is evident from the sets (1) and (2), or, (4) and (6). 

The mixture of glycerine and fatty acids which had no extract of seed showed no 
diminution in the acid value, so that the diminution in the other cases must be due 
to the esterification brought about by some enzyme present in the seed. Secondly 
the saponification value of some of the typical sets after the completion of the 
experiment was deterruined and found to agree closely with the original acid value. 
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84 


INBIAK JOUEITAL 01 AGEICULTUEAL SCIEITCB 


[III.l. 



The determiiiatioE of the free acidity was done in the following way 
Five to six grains of the reacting mixture were weighed out, after shahing the 
reacting mixture thoroughly to ensure a uniform sample. To this were added 25 to 
30 c.c. of neutral alcohol and the whole was then titrated with a NjlO potassium 
hydroxide solution using phenolphthalein as indicator. The number of c.c, of 
KOH required per gram of the reacting mixture are given in the following tables. 
Unnecessary figures for blanks and other titrations where the change was very little 
have been omitted to reduce unnecessary lengthiness. Generally the blanks dit not 
vary much from the zero-reading. 

Table XXIV. 


No. of cx. of NjlO KOH per gmm of the reacting mixture. Stage 4th to 5th, 


No. of days 

Extract 

and 

acids 

Extract 

lieated 

and 

acids 

Blank with 
0*6 

acetic acid 

Extract 
acids and 
acetic 
acid 

Extract 
lieated 
and acetic 
acid 

(4) and 10 
c.c, water 

(4) and 

10 'C.o.' oil . 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

0 

23-64 

23‘60 

24*54 

24*44 

24*04 

23*64 

23-62 

1 

23-02 

23-58 

23*52 

23*60 

24*00 

23*04 

23*08 

2 

22-72 


23*22 

.. 


22*76 

22-78 

3 

22-68 


23*07 

.. 


22*70 


6 

22-60 


22*90 

.. 

• « 

22*63 

22*64 

9 

22*68 


22*75 


.. 

22*69 


12 

22*61 


22*60 

• • 

•• 

22*64 

22-59 

15 

22*45 

23-64 

22*46 

23*48 

24*00 

22*47 


18 

22*36 


22*34 

.. 


22*39 


21 

22*26 


22*22 

.. 


22*30 

• * 

24 

22*24 


22*10 


• , 

22*31 


27 

22*21 


22*10 

0 • 

■ , * 

22*29 

22*42 

30 

22*19 


21*94 

*• 

* • 

22*27 

, *.■ 

33 

22*16 


21*88 



22*26 

22*44 

36 

22*14 

23*54 

21*86 

23*45 

23*98 

22*26 

22*46 

(Per cent, esterification = 

XlOO.) 

a 





= 100 X 


lOOx — 




OOX^ 

23*62 


23*64 


24-44 



23*64 


>=6^3 


= 10-8 



=6*8 

= 66 
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Table XXV, 

No, of c.c, of N 110 KOH gram of the reacting mixtnre. 

Stages 6 to 7 


IsTo. Extract Extract Blank Extract Extract (4) and 

of and heated ‘with 0*5 acids and heated and 10 ox, 
days acids and acids acetic acid acetic acid acetic acid water 


(4) and 
10 ox. 
oil 


(7) 

2e*64 

26*35 

26*14 

26*08 



Tables XXIII S XXIV.--^She percentage of esterification brought about by the 
^xbrfict of the seed amounts to 10*8 per cent, when 0*5 per cent, of glacial acet^o 
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acid was added ; when this was omitted tHe esterification seems to proceed to 6'3 
per cent. only. The increase is 4‘6 per cent. This is more than the acetic acid used. 
Hence it is evident that the acetic acid seems to act as a catalyst. The addition of 
5 per cent, water decreases the rate as well as uhe extent of esterification. The 
addition of 6 per cent, oil lowers still more the rate and extent of esterification, 
hut it does not completely stop the reaction taking place. In the 6th or the 7th 
stage the figures for which are given in Table XXV, the esterase seems to be more 
active than in any other stage. The total esterification brought about is found to 
be 22-85 per cent, and 32-13 per cent, when 0-5 per cent, of glacial acetic acid was 
added. Thus in this case the catalytic effect of the acetic acid is more pronounced 
than in the previous experiment. 

The rate in the case of acid mixtures, viz., (1) and (4), is in the begianing very 
rapid which then slows down as the days proceed and in the end is nearly constant. 
The addition of 10 c.c. of oil to the reacting mixture makes the rate of esterification 
more uniform and the extent of reaction is also lowered. 


Table XXVI. 

No. of C.O. of NjlO KOH per gram of reacting mixture. 
Stages 8th-9tli 


No. 

of 

days 

Set 

0) 

Set 

(2) 

Set 

(3) 

Set 

(4) 

Set 

(6) 

Set 

(6) 

Set 

(7) 

0 

26-66 

26*60 

26*60 

26*92 

26*60 

26*36 

26‘38 

2 

26-18 

•• 

, 

26*36 

.. 

26*08 

26*08 

9 

26-64 

• • 


25*62 

... 

26*60 

26*68 

1 " . 

21 

26*06 

•• 


24-42 

.. 

26*32 

26*42 

30 

26-16 



23*68 

.. 

26*30 

26*44 

36 

26*14 

26*60 

26*30 

23*62 

26*42 

26*30 

26*44 

(Per cent, esterification = 

a — 

xlOO.) 







a 








100 


100''^ 

100 y 


26*66 



' 26-92 


^ 26*36 

^26*38 


=5-3 

' ' ■ ~~ - ■■ 

V: 

= 14*16 

— " ■■ 

=3*86 

,=:3-2 ' 
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Towards tlie end of the experiment the activity of the enzyme appears to 
decrease and the addition of oil shows a slight increase in the acid value, thus 
showing that the reaction is reversible in nature. 

Table XXVII. 

No. of o.c. of NJIO KOH per gram of reaeting mixture. 


Resting stage of the seed 



Thus in this stage the activity is very low, moreover the addition of acetic acid 
seems to have very little effect on the reaction. In the cases where water and oil 
have been added the acidity increases in the end, which shows that hydrolysis has 
started. Perhaps this may be added as a proof that the nature of the enzyme 
charges in character with the age of the seed. The total esterification brought 
about in the various stages is given in the following Table, 
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Table XXVIII. 


Peroentage of esterificahon brought about 


Stage 

4th to 5th 

5 th to 6 th 

7tb to 8th 

Besting 

With acetic acid . . 

10*8 

32*13 

14*15 

' 5*56 

Without acetic acid 

6-3 

22*85 

5*3 

5*2 , 

7 per cent, water . • 

6-8 

16*57 

3*85 ■ 

■■ 2*9 

7 per cent, oil . . 

6-6 

16*54 

' 3*2, , 

2*1.': 


Conclusions. 


It has teen shown that the oil is formed in the seed from carbohydrates. 
Lower saturated acids are formed first and then the higher and imsaturated acids. 
The change of the carbohydrates to fatty acids is brought about by some enziyme 
present in the developing seed. The free fatty acids are accumulated and these 
are then transformed by means of an enzyme — esterase— into neutral glycerides. 
The activity of this enzyme is difierent in difierent stages and is maximum when 
the oil percentage is increasing very rapidly. 
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1. Intboduction, 

The investigations discussed in this note were suggested by Mr. K. N. Parker, 
Forest Botanist, and planned by Dr. C. F. C. Beeson, Forest Entomologist, under 
whose supervision they were carried out by the writer in 1930-31, in the Insectary 
attached to the Branch of Forest Entomology. The main reason for the enq[uiry was 
the supposition that it would provide experience which would be of value in study- 
ing the suspected transmission by certain insects of the spike-disease of sandal 
[Dover, 1932 ], which forms an important part of the present activities of the Branch 
[ Beeson, 1932]. The leaf-curl of garden Zinnias was thought to be so obviously 
the result of virus infection that the usual preliminaries of diseased patch and leaf- 
grafting and sap inoculation were not tried, attention being concentrated on trans- 
mission experiments with the Aleurodids suggested, by an unusually successful 
indicator experiment (III, a), as vectors. With the conclusion of these experiments 
and the identification of the Aleurodid it became evident that the disease under 
study was similar to the leaf-curl of cotton investigated by Kirkpatrick [1931] in 
the Sudan. The presence of this important disease in garden Zinnias suggests the 
need for a more elaborate investigation to be undertaken on the possibility of 
transmission of the Zinnia disease to cotton. 
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I am indelted to Dr. 0. F. 0. Beeson for his interest and practical encourage- 
ment, and to ]&. Cedric Dover.for helpful- suggestions in the preparation of this 
paper. Mr. Earam . Singh Lamha,.CoUege of Science, Nagpur, kindly indentified 
the vector. ' 

, . . . II. -The DISEASE AND ITS AlEUBODID VBCTQE. 

An acropetal necrosis [ Q 1931 ] or leaf-'Ciirl of garden Zinnias Cliorti- 

cultural varieties of is very prevalent in Dehra Dun* The symptoms 

appear to be identical with those of the leaf-curl of cotton in the Sudan [ Kirkpa- 
trick, 1931], and it is noteworthy that Bemisia gossypiperia Misra and Lamba, 
the only Aleurodid in the extensive list of Homopterous vectors of viruses [ Smith, 
1931 is responsible for the transmission of leaf-curl in Zinnia eUganSy cotton and 
other malvaceous plants, • A characteristic efiect of the disease here discussed is 
the'thickeiiing of the lower surface bf the small veins of the leaves, preceded by 
curling of the leaf-blades. The younger leaves at the growing points are first 
afiected, the inf ection resulting in .derangement of the normal growth processes, 
Sonaetimes only a part of a leaf becomes crinkly, the rest remaining un- 
affected. 

Plants may be attacked at any stage, but younger plants" are generally more 
susceptible than older plants, in which the symptoms are often less definite and 
practically confined to the lateral shoots or a few older leaves. Young diseased 
plants become dwarfed., hut may remain alive for naonths in that condition, which 
is preceded by bfoniiing,' shrivelling and falling of the affected leaves. Such plants 
do hot attain much more than a foot in height, while healthy plants grow to a 
height^bf four pt five feet.' Dwarfed flowers of dull colours and partial sterility, 
are arnbhg the effects of the disease; Plate IX illustrates these symptoms. A badly 
diseased-plant; ^th 'extremely'dWarfed flowers, is shown in Plate X. 

■ During the summer and rains axillary buds appear to be forced into growth, 
whicF develop’, as' the season advances, into stunted shoots with small crinkled 
leaves frequently massed together in rosCtte or bunchy form. Under winter con- 
ditions* the development of the disease is retarded. 

' The grov^h“ period of Zinnias is June-November, leaf-curl infectioa being 
most evident between' July-Sfeptember. The maximum incidence of the disease 
therefbre;coincides vitli' tbe period whcii the vector is most abundant, as observed 
by Afeal Husain [ 1930 ] in the’Punjab and by the author in Dehra Dun. 

^e vector] . ^Bemma^gossypip&f'd^^ was described by Misra and Lamba [ 1929 ] 
as'ah.iinportaht.p^^^^ in the Punjab, -and has been the subject of further 

study by Afzfal' Husain flOSO,^!] and^ Kirkpatrick [1931], It is a polyphagous 
species known to occur on more than three dozen plants besides cotton [Afzal 
Husain, 1930, 1], many of which are listed by Misra and Lamba. Zinnia eUgans 







PIATE IX, 


Plaftts of Zinnia elegans, (A) aad healthy (B) with characteristic symptoms of leaf-ourif 
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has not, however, been previously recorded as a host plant. In Dehra Dun alter- 
nate host plants, other than Zinnias, have not yet been observed. 

In the Sudan it has been definitely established that B. gosiyfiferda ^s the 
vector of leaf-curl of cotton, Kirkpatrick [1931 ] concluding that it “ is not only an 
extremely efficient transmitter of the leaf-curl, but is in all reasonable probability 
the only vector of the disease.” The results of the present investigation support 
this conclusion. This Aleurodid, however, is not yet known to transmit leaf-curl 
to cotton or other host plants in the Punjab [Afzal Husain, 1930,2 ], and 
Kirkpatrick’s studies [1931] indicate that Asiatic cottons are at least highly 
resistant to leaf-curl inf eotion. 

lEL TeAKSMISSION BXPEEIMENTS. 

{a). Methods employed. 

Zinnia seeds from various sources were obtained locally and sown in beds 
from the middle of June, 1930. Each sample of seeds was sown separately. Early 
in July, when the plants were sufficiently high, they were transplanted into larger 
beds in the insectary garden and also in the flower beds surrounding the building. 
The different horticultural varieties were kept separate and labelled accordingly. 

A wire-gauze cage, 20j[ ft.xlOJ ft.xSJ ft., of 20 to the inch mesh, was divided 
into two halves by a barrier in the soil of treated planking. In one of these 
halves the soil was dug over a depth of about feet, weeded, mixed with garden 
manure, baked over a fire, and then sifted. This procedure was followed by fumi- 
gation with cyanogas dust. The soil of the second half was also turned over, but 
was left rmsterilised. 

The two halves were divided into rectangular strips, in each of which varicus 
samples of Zinnia seeds used in the inseetary garden were sown on the 18th June, 

1930. The seeds were allowed to germinate in situ, germination occurring in all the 
plots within three days. By the middle of July the seedlings in both halves of the 
cage began to show the symptoms of leaf-crinkle. These plants contracted the 
disease in a more severe form than those grown in the open. The small mesh 
of the gauze eliminated all insect life except minute Aleurodidae (Bemisia 
£foss«/pjoerdffl), which infested the caged Zionias in abundance. 

The obvious conclusion from this prelunmary experiment was that these 
Aleurodids were involved in the spread of the disease. To test this inference 
transmission experiments were initiated in early August, 1930, and continued in 

1931. Zinnia seeds were sown in 9-inch sterilised pots containing sterilised soil, 
and were germinated under glass bell jars or chimneys the bases of which were 
firmly implanted in the soil and the tops covered with securely fine muslin, tlius 
forming an insect-proof chamber. These pots were kept inside a wire-gauze cage, 
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■ ffTTiikr to that used for the preliminary experiment. All the seedlings grew well 
and were thinned out, only one seedling per pot being retained. Later on the 
condensationof.moisture upon the sides of the bell jars and chimneys, combined 
with deficient ventilation, apparently caused the plants to . become sickly. The 
preliminary experiments conducted with these plants are discussed below (III, b). 

These difficulties led to the trial of simply designed cylindrical cages consist- 
ing of a detachable tin cylinder at the bottom, tin lid, and a supporting frame- 
'work. surrounded by muslin. A series of experiments were conducted in these 
cages (III, c). They also^ provedj howeveti to be unsatisfactory, owing to their 
small size and to the heating of the lids by the sun and the obstruction of light. 
In 1931, the work was therefore continued with further modifications in technique. 

Thirty new cages were made. It will be seen that each unit of the equipment 
(-Plate X) included (1) a wooden frame fitted with glass panes and open at the 
lower end, (2) a muslin bag open at both ends, and (3) a 10-inch pot having a tin 
cylinder pushed inside the soil of the pot and enclosing the plant. Each frame 
was suspended by wires within a large outdoor wire-gauze cage. One end of the 
bag was secured to the open end of the frame by means of a tape threaded through 
•the hem of the bag ; the other and narrower end was similarly secured to a sur- 
rounding projection a little below the top of the cylinder, thus making it possible 
to- water the plant without exposing it to accidentaL infections. This equipment 
ensured the continuation of the work under adequately controlled and better condi- 
tions (III, d). 

(The Aleurodids used in the experiments (described in III, b-d) were collected 
from, diseased Zinnias growing in a large cage in the insectary and then transferred 
to healthy plants grown from seeds under controlled conditions. In the controls 
no white-fiies were used. . The more refined technique of using white-flies bred 
tinder controlled conditions and of employing uninfected white-flies in the control 
experiments was not possible, but such methods should be employed in future 
work. 

.{h)\ Results of preliminary experiments' in 1930. 

The data regarding the preliminary experiments referred to above (III, a) are 
as follows : — . 


Plavit A — 4tH-7tli August 
! litJi August . . 
12th 

. i6tk . 

2ntt September 
Plant E — 12th*2f7fch August 
i'; j ,’ 2&th Augiist . ' i 
2ixd September 
10th „ 


98 wliite-j3ies released. 

Upper leaves showed signs of curling. 
^0 more white-fiies released. 

Leaves completely crinkled. 

Piaht died. 

367 white-flies released.^ 

Slight cmling oi leaves. noticed., , 

Leaves thoroughly crinkled* 

Phmt died. 



j^LAf E X. 



Cages nsed for transmission experiments and a plant of Zimia elega7is with severe symptoms of 
leaf-curl. Kote the extremely dwarfed flowers. 
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* Cojitrol to plant No. 5 became diseased on account of accidental infection 


None of the Aleurodid-free control plants (B, C, D), grown under similar condi- 
tions, contracted tlie disease 4 


{c) Results of furlher experiments in 1930. 

The results of tie experiments (four were later eliminated from the series) 
conducted in simple frame cages are given in Table I. It will be seen that the 
white-flies produced mild symptoms of leaf-curl in 4-16 days and severe symptoms 
in 16-31 days, while the Aleurodid-free control plants grown under similar protec- 
ted conditions, remained free of crinkle with normal leaves and flowers. Plant 
Ho. 5 (co?^#o!!) emphasizes this fact, in which 24 white-flies were accidentally 
released on 17th September. 

Table I. 

Results of inoculations to Zinnia elegans with mruliferous white-flies in 1980, 


Serial number 


Bate 

of 

inoculation 


Period 
wlien flies 
released 
(days) 


Bate obsebved 


First 

symptoms 


Beatb of 
plants 



September 1930 


1930 

1 

10th 

240 

23 

22nd September 

Control 

10th 

. • — ■ 

— 

Nil 

2 

12th 

266 

22 

22nd September 

Control 

12th 

• • *— 

— 

Nil 

5 

16th 

174 

16 

22nd September 

Control 

16th 

' . ■ ' — 

— 

3rd October 

6 

15th 

. • 61 

10 

let October 

Control 

16th 

1 

— 

1 Nil 

7' 

16th 

. • 160 

6 

8th October 

Control 

16th 

• ' • — 1 

— 

Nil 

9 

16th 

. . 256 

9 

18th October 

Control 

16th 


— 

Nil 


ISth October 1930 

V ;■ m 

3rd November 1930 
NU 

3rd November 1930 
9tb Becember 1930 
20tb November 1930 

mi 

9th Becember 1930 
Nil 

21st January 1931 
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{d) RmiUs of experiments in 1931. 

The results of transmission experiments conducted in 1931 are discussed 
in Table 11. The results appear to prove ila.eM Bemisia gossypipe/rda ia 
undoubtedly the vector of the leaf-curl of Zinnia. In the experiments proper 
the plants contracted the disease within 6-26 days ; in the controls they remained 
healthy for a long period. The accident in the case of Plant No. 7 (control) due to 
the entrance of the white-flies produced results in general conformity with those 
of the other experiments. The symptoms were not marked, but this may be due 
to the fact that the Aleurodids found in the cage were not previously collected 
on diseased Zinnias as in the case of those used for the experiments proper. Ex- 
periment 3 indicates that a single white-fly can transmit the disease to a healthy 
plant with results as fatal as when many are used. This is in accordance with 
the observations of Kirkpatrick [1931] who states that if "transmission of the 
disease is obtained with a single white-fly, the resulting symptoms of crinkle are 
liable to be just as severe as if a large number is used to transmit the infection.” 
Similar results have been noted in the case of various other vectors of viruses 
[Smith, 1931]. Pruning (with a sterilised knife) appeared to have no effect on 
disease transmission. 

Table II. 


BesuUs of inoculations to Zinnia elegans vnth viruUferous white-flies in 1931. 


Serial number 

Bate 

of 

inoculation 

No. of 
wMte- 
fiies 

Period 
when flies 
released 
(days) 

Datb obseeveb 

First 

symptoms 

Death of 
plants 


1931 




1931 

1931 

1 

loth May , 


160 

6 

30th May ^ . 

26th June 

2 

21st May . 


106 

2 

Do. 

2nd July 

3 

4tii tlune • 


1 

1 

13th July . 

21st September 


Ditto 


266 

8 

6th July , 

31st July 

Control 

Ditto , 




Nil 

mi 

5 

Ditto 


280 

6 

6th July . 

31st August 

Control 

Ditto 


• • 

• • 

Nil 

Nil 


Ditto 


160 

6 

13th July . 

22ad August 

0.ntrol 

Ditto 



• • 

Nil 

Nil 

7 

Ditto • 


260 

3 

20th July , 

31st August 

Control 

Ditto 


• • 

p . 



9 

Ditto 


260 

3 

22nd July . 

9th September 

Control 

Ditto 



• • 

Nil 

NU 

10 

Ditto . 


363 


27th July p 

21st September 

Control 

Ditto 


•• 


Nil 

Nil 


aontrols for Piari^ts Hos. I to 3* 
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(e) Results of experiments with newly-emerged Alemodids rearea ’^rom nymphs fed on 



In some experiments adult Aleurodids were bred from nymphs fed on diseased 
Zinnia plants and released, immediately after emergence, on healthy plants. The 
results are given in Table III, and suggest that adults of the Aleurodid concerned 
require to feed on a diseased plant before they become infective/ Kirkpatrick’s 
experiments [1931], however, indicate the opposite conclusion that white-flies which 
have become viruliferous in their larval stages, but have not fed as adults on 
diseased plants, are efficient vectors of leaf -curl. Our experiments are insufficient 
to enable this conclusion to be contradicted in so, far as the relation between 
Aleurodids and leaf-curl of Zinnia is concerned. 

The diseased plants bearing puparia and nymphs were kept inside a glass 
cage enclosed in a dark cover, which was manipulated to allow the entry of a small 
shaft of light. This attracted the newly-emerged white-flies to the illuminated 
portion of the cage, where they were collected for transfer. The risk of feeding 
before transfer w^as not eliminated, but nevertheless none of the healthy plants to 
which the adults were transferred gave indications of the disease. The general 
technique was as in the other experiments. 

Table III. 


Results of inoculations in Zinnia elegans with adult Aleurodids hredfrom nymphs fed 

on diseased Zinnia plants. 


Serial number 

Bate of inooulatioii 

No. of 
adults 

Period when 
flies released 
(days) 

Symptoms 




1931 




A . 



15th July 

120 

3 

Healthy 

B . 

« 

. 

Bo. . . . 

87 

4 

Healthy 

0 . 

• ■ 

» 

Bo. . ^ » 

163 

7 

Healthy 

B . 

• 


Bo. • * 

150 

6 

Healthy 

£! * 



Bo. . . 

47 

4 

Healthy 

17 • 


« 

4th September . 

80 

6 

Healthy 

19 . 

# 


5th October 

483 

6 

Healthy 

20 > 

■ 

• : 

Do. ^ . . 

237 

13 

Healthy 
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lY. Summary. 

1. Leaf-curi of garden Zinnias is characterised by the thickening of the lower 
surface of the veins, preceded by curling of the leaf-blades. Cessation of growth 
and eventual death follows infection. 

2. The disease closely resembles the leaf -curl of cotton as studied by 
Kirkpatrick in the Sudan. 

3. Aleurodidae {Bernina gossypipenla) white-flies were vectors of the disease. 

4. After the transmission experiments were concluded it was discovered that 
the vectors of leaf-curl of Zinnia and cotton belong to the same species {Bemma 
.gosfiypiperda). 

5. Freshfy-emerged adult white-flies did not transmit the disease, though fed 
in the nymphal stages on diseased Zinnias. This result requires further investiga- 
tion. 

V. Eefebunces. 

Afzal Husain (1930, 1). Agric. J. Ind. 25, 608-526. 

— — - (1930, 2). Nature 20. 958. 

Beeson, C. P. C. (19.S2). Progi'esa Eeport of Forest Research Work in India, for the year 
1930-31. pp, 188-98. 

Dover, C. (1932). Ind. Forest Records. - smW. 1 — 63. 

Kirkpatrick, T. W .(1931). Bull. Ent. Res. 22, 323-363. 

Kunkel, L. 0. (1928). 'Viras diseases of plants, in ‘Pilterahle Viruses’ 335-364. (Balliere, 
Tindall and Cos, London). 

Misi-a, C. S. and Lamha, K. S. (1929). Imp. Inst. Agric. Res. Pnsa Bull, No. 196. 

Quanjer.H. M. (1931). TTigtopcahology. 21,677-613, 

Smith, K, M, (1981) Bio. Rev. 6,302-344. 


A 



bEVELOPMMT AND SHEDDING OF LEAVES OF OOTTON. 

BY ■ 

MOHAMMAD AFZAL, B.So. (Agei.), AI.C.TX, 

Offg. Cotton ResearcJi Botanist^ Lyallpur. 

(Received for pulDlicatiou on ’ 11th Octo'ber 1932) 

(With 6 text-figures;) 

Introductory, 

The literature on the development, growth, and shedding of leaves of cotton k 
scanty. So far as the writer is aware, experimental work on the development of 
leaves has only heen done by Zaitzev [1925-27]. A translation of his paper 
entitled '' The effect of Temperature on the development of the cotton plant has 
been published by the Empire Cotton Growing Corporation. In this paper Zaitisev 
has shown that in the very early stages of the growth of the seedling the intervals 
between successive pairs of leaves were alternately long and short. The periodic 
difference in the intervals between successive pairs decreases both in the course 
of growth and also with later dates of sowings’^ • He has also shown that the 
unfolding of successive leaves on the main stem is mainly dependent on 
temperature. At higher temperatures fresh leaves unfold more quickly. 

The importance of leaves for the proper development of the plants is patent. 
The experiments of Ludwig [ 1927 ] showed that artificial defoliation done early in 
the season resulted in reduced yields and weak lint. Haller and Magness [1925 ] 
found in apples that Other factors being constant, the growth of apples is directly 
correlated with the leaf area upon which the apples are able to draw for 
carbohydrates.’^ 

It would thus be of interest to study the growth and shedding of leaves of 
the cotton plant. Such studies are likely to bring forth results of great interest 
as the occasional ^failures’ of the cotton crop in the Punjab, whatever their 
causes, are ultimately manifestations of malnutrition. It is significant that 
' failures’ are always preceded by premature yellowing, reddening and shedding 
of leaves. 

Development oe leaves. 

The first foliage organs of the young seedlings are the cotyledons. The coty- 
ledons persist on the plant for various lengths of time and the differences in the 
ages of cotyledons of different varieties are statistically significant as shown in 
Table I. Bull data are given in the appendix. 
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Tabie I. 


Analysis of variance. 


Vamnee due to 

Degrees 

of 

freedom 

Sum of 
squares 

Mean square 

Vadeties # • • • • • 

3 

C83-90 

194-63 

^or • . • • • • • 

im 

3390-40 

17-30 

Total 

199 

8974-30 

1 

... 


The one per cent, value of 2 is only 0'6661 showing thereby that the effect of 
varieties is clearly significant [Fisher, 1930]. 

The mean ages (in days) of cotyledons were as follows 


Early strain 

4E 

289 F 

Mollisoni 

S.E. 

37‘80 

41-39 

42-41 

39-93 

±0-69 


It is of interest to note that the cotyledons of 0. stocksii and Q. MrJdi grown at 
Lyallpur persisted on the plants for more than 2 and 6 months respectively. 

The cotyledons do not come out from a single node on the young axis, but one 
comes out slightly above the other. Both the cotyledons are rarely shed on the 
same day. There is, in fact, a difference of 3 to 10 days in their ages. The 
sequence of shedding, however, varies and the chances of the upper or the lower 
cotyledons falling off first in different plants are practically equal as illustrated by 
the following data collected on another occasion. 

Average age of the upper cotyledon of 4 F = 61'65 days. 

Average age of the lower cotyledon of 4 F = 61 '25 days. 

The cotyledons are followed by true leaves. In order to find out the interval 
between the appearance of successive leav^, twenty plants each of 4 F., 289 F, Early 
Strain and Mollisoni were kept under constant observation and every young leaf 
which separated from the growing point of the main stem was properly labelled and 
recorded. The average interval between the appearance of successive leaves is 
shown graphically in F%ure 1. From the different curves in this figure,, it is seen 
that there is some periodicity in the intervals but the long and short intervals do 
not alternate very regularly. “ 
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There has been found a fairly high correlation between the rapidity of appear- 
ance of the successive leaves on the main stem and the atmospheric temperature. 
At higher temperature the leaves appeared at short intervals and as the temper- 
ature went down these intervals become comparatively longer. The coefficient of 
correlation was -[-0 ’85 ±0'04:6. 

Zaitzev also found a correlation between the succession of leaves on the main 
stem and the length of the internodes. In his case there was a very high correla- 
tion between these two factors, especially in the young stages. 

The internodes of aU the plants under observation were measured, and it was 
found that the internode between the cotyledons and the first leaf was in every case 
very long. This long internode was always followed by a short one. After the 
second internode the length remained fairly constant till about the 16th internode. 
After this stage the length again increased and reached a maximum in the middle 
of the plant, after which the length again decreased, and the last internode was in 
all cases less than one cm. In the present case, however, the correlation coefficient 
between the length of the internodes and the interval between the appearance of 
successive leaves was found to be very small and statistically i nsignifi cant 
(f = +0-09 ±0-002). 

Trought [1931] has already shown that “the increase in length of the mono- 
podia conforms very nearly to the increase in length of the main stem ”, and there- 
fore the increase in height of the main stem “can be taken as an index of the 
general elongation of the plant ”. It may therefore be inferred that the general 
sequence of the appearance and the interval between the successive leaves on the 
monopodia may also be similar to that of main stem. Therefore no observations 
were taken on the appearance of leaves on the branches of the plants, but the total 
number of leaves on 6 average plants was counted once a week and these figures 
are given in Table 11. 
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Table II 


iverage mmber of leaves per plants 


No, of leaves 


Week eading 


289 F 

Strain 


Mollisom 


4tli August . 


1st September 


Gtli October 


3rd November 


1st December 
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The figures given in Table II are interesting. There is a marked contrast 
between the Desi and the American varieties. While in the case of aE American 
cottons the maximum number of leaves were present during August, in the case of 
Mollisoni, the maximum number of leaves were present during September. More- 
over, the MoEisoni plants always had a much bigger number of leaves than the 
plants of 4 F, 289 F and Early Strain. Between the three latter cottons, there 
appears to be some advantage in favour of 4 F, while there was not much 
difierence between the other two cottons. Another point worth mentioning is 
that in the case of American cottons the number of leaves steadily decreased from 
September onwards, but in MoEisoni, the number at first decreased but again 
started to increase from the beginning of December. This increase in number was 
due to the fact that MoEisoni plants started to sprout again from the beginning of 
December, while the plants of American cottons did not sprout so soon. 



Growth oe leaves. 

The next point to be considered is the daily rate of growth of leaves. The 
writer has not been able to find any reference on this subject in cotton or other 
plants, but the rate of growth in leaves represents the daily addition to the photo- 
synthetic area and is therefore important. 

The rate of growth of leaves has been investigated in the case of all the four 
varieties, OTZ., 4 F, 289 F, Early Strain and MoEisoni. For thhi purpose twenty 
primary young leaves just separating from the growing point were selected on 
twenty different plants and the length of each lobe and the petiole as well as the 
greatest breadth of each lobe was measured daily. Since this work involves 
laborious measurements, only two varieties were kept under observation in one 
year. The leaves of 4 F and MoEisoni were measured in 1929 and those of 289 F 
and Early Strain in 1930. 

It has not been possible to measure the rate of growth of aE the leaves, 
and the observations here recorded were made on leaves produced during the pe riod 
of most vigorous growth. 
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In order to fee able to tabulate systematically tbe growth in length and 
breadth, the difierent lobes of the leaves, ventral surface of the leaf upwards, were ' 
numbered serially as shown in the following diagram. 



Fig. 2. — ^Diagrammatic xepreseatatioii of cotton leaf sliomog the order in which the lohes were measured. 

Curves of the average rate of growth are shown in Figures 3, 4, 6 and 6. In 
considering these figures it must be borne in mind that all the varieties have not 
been measured in one year. • 



Average daily increase in mm. 
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It is seen from Figures 3 and 4 tliat 4 F leaves took full one month to reach full 
size while those of MoUisoni were full grown after 20 days. 


Fig. 3.— -Leaf measureinents of 4 F (1.920). 




Average daily iiK^ease ia nun. 
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Fig. 4— Leaf measuremeats of Mollisoni (1929). 


Another point of interest is that the petiole took exactly the Same time to 
attain fuE size as the lamina and that there was a high correlation between the 
length of the petiole and the length of the midrib ( r= +0’895±0'034). A similar 
correlation between length of midrib and the length of petiole has already been 
reported by the writer in a hybrid population [Afzal, 1931]. 

The average rate of growth of leaves of 289 I* and Early Strain (measured 
ijuiing 1930) is shown in Figures 5 and 6. The leaves of these cottons had a higher 




of ■ 

/,o^t 3 


rate of growtii than 4 F, and took 21 days to attain full size. Here again the 
petiole attained full size along with the lamina. 
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10/8 aO /8 1/8 10/8 

AUGUST AUGUST 

Kg. 6. — Leaf measuremeats of the Early Straia (1930). 


SsEBBINa OE LEAVES. 


The daily fluctuations in the rate of growtli will now he considered. It is at 
once clear from the different figures, that there is a remarkable resemblance of the 
different curves of each year in this respect. Whatever factor retarded or ac- 
celerated growth in any one lobe of the leaf, also had a similar effect on the different 
lobes of the same leaf and on the leaves of other varieties. It is, however, too 
to state the causes of the daily fluctuations in the growth of leaves, but it is hoped 
that the experiments how in progress at^the Cotton Research Laboratory wiU throw 
light on this phenomenon. 


The phenomenon of leaf shedding in cotton has, so far as the writer is 
nob received much attention. A good deal of work has, however, been done on this 
problem in other plants, especially the deciduous trees. 




Average age at shedding in days 


Year 


Bate of appearance 
of leaf 


Mollisoni 


289 F 


Early Steain 


m-u 

76*33 

106-80 

105*7 

78*2 


64*9 

77*35 

115*8 

9315 


78*0 

117-2 

101*95 

88*90 


1929 

1930 


85*5, 

105*33 

88*7 
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Sehimper [ 1903 ] mentions certain cases where the leaf fall could be directly 
traced to external causes, such as, low winter temperatures in temperate regions or 
dry seasons in the tropics. On the other hand, he found certain trees in which the 
leaf fall was not due to external agencies, but was brought about by internal 
causes. He also observed a relationship between soil moisture and leaf fall, and 
states that a greater amount of moisture in the soil delays leaf fell Veihmeyer 
and Hendrickson [ 1927 ] however, state that young peach and prune trees on 
moist soil held in containers dropped their leaves at the same time in fall as those 
on drier soil. They further state that defoliation could be brought about during 
periods of high evaporation by withholding water until the trees wilted. Inamdar 
and Shrivastava [ 1927 ] have traced a correlation between leaf fall and the in- 
creased capacity of the wood for conducting water. They came to the conclusion 
that increased demand for transpiration is met with by increased capacity of wood 
for conducting water. Whether this is true in the case of cotton plant or not is a 
subject of investigations still under way. Thomas [ 1922 ] on the other hand has 
pointed out that citrus trees on “ heavy soil may become stunted where e.xcessively 
irrigated. The leaves turned more or less yellow and many of these fell prema- 
turely.” 

No attempt has so far been made to find out the causes of leaf shedding in 
cotton at Lyallpur, hut the observations herein recorded only show the ages at 
shedding of the different leaves on the main steam. 

It has been found in cotton that the age of primary leave? at shedding varied 
with the season (Table III). 

Table III. 

Variation of age of leaves at shedding with season. 


30tli July * 
25tli July , 
8tli August 
22iid August 
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The figures obtained during 19M showed a very wide variation 
leaves at shedding during the season. Therefore in order to obtain n 
age of primary leaves throughout the 1931 season was recorded. Th 
IV) are averages of twenty plants of each variety. ■ 


Table TV. 


Average age {days) of primary leaves in different varieties {1931). 


Ifo'd© Ho* 

' . Mo'Iikoiai 

Barly Strata 

289 F, 

I ' 


'15 

39*08 

39-40 

1 36*69 

46-76 

16 

, 40*25 

45-27 

42*63 

47-27 

17, 

43-50 

46*31 

46*10 

47-80 

18 

44*85 

42*30 

50*25 

60-01 

19 

45*40 


51*05 

47-20 

20 

46-84 

46-75 

48*50 

49-42 

21 

46*05 

53-55 

51*05 

46-20 

22 

oq 

48*66 

50*60 

49*20 

/lO.yfO 

4-1-75 

24 

9: / aO 

49-61 

'*< lO 

49*68 

42*85 


25 


43-45 

41-95 

69*06 

26 

46-94 

40-70 

40*80 

59*12 

27 

48-84 . 

40*05 

37*90 

65*06 

28 

49-99 

37-76 

41*35 

71*15 

29 

51-34 

37-10 

40*40 

68-80 

30 

53-16 

42-95 

42*22 

. 74-10 

31 

OO 

53-17 

43-74 

A n*onr 

42*68 

80*30 

Odi 

33 

00*17 

55*16 

54-18 

4y I/O 

52*95 

81*86 

34 

54*39 

55-43 

61*33 

90-05 

35 

61-84 

61-14 

60*82 

93-80 

36 

60-28 

65-26 

51*39 

94*37 
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■Node Ho. , 

MolIisoBi 

Early Strain 

289 F 

37 

G3‘i9 

60*95 

67-00 

38 

59‘95 

69*95 

00*88 

39 

61‘30 

72*41 

73*29 

40 

62*47 

70*00 

70-14 

41 

61*72 

76*29 

83*17 

42 

61*72 

85*68 

86*95 

43 

61*45 

88*79 

88*79 

44 

61*40 

83-00 

98*57 

45 

67*00 

97*89 

99*42 

46 

60*61 

101*26 

102*16 

47 

67-47 

93*42 

98*06 

48 

67-74 • 

99*33 

102-25 

49 

71*83 

87*29 

102*00 

50 

72*63 

82*50 

103*77 

51 

72*22 

82*66 

101*60 

52 

77*00 

* • • 

106*29 

53 

70*47 


99*60 

64 

77*30 

. 

90*33 

55 

82*60 

■ « • 

• * 

66 

79*63 

•• 

« » 

67 

87*79 

.. 

• «' 

58 

87*19 



69 

92*77 


■ 9 W 

60 

98*00 



61 

93*91 


• m 

62 

96*48 

! 


''63' 

106*06 ! 

1 



64 

104*22 

. ■ 


65 

96*6 


■V',' 


[III, I. 




BEVELOPMF.NT AHB gHEBBIlsTG OF liEAYES OF COTTON Hi 

The figures in Table I¥ confirm, the data obtained during 1930 (Table III). The 
leaves at lower internodes were comparatively short lived. At higher nodes the 
age of leaves increased till a maximum was reached near the top of the plant. The 
very topmost leaves again had a comparatively short duration of life. 

The number of leaves shed per plant have also been worked out and the figures 
(Table V) are average number of primary leaves shed per plant per week. For 
this purpose the same twenty plants per variety were used. 

Tablet. 

Average numher of primary leaves shed per flant week. 


Mollisoni 


Early Strain 


6tli August 


3rd September 


1st October 


5tb November 


3rd December 
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Week ending 

Mollisoni 

4F 

Early Strain 

289 F 

17th December , , , , , 

• • 

rs 

0*5 

1*0 

1*1 

24th „ 


1-6 

0*5 

0*2 

0*3 

31S't. . yy • ' t . . 

. 

0-2 

0*1 

0*1 

. '0*7 

7th January , . . . 


0*5 

0*8 

0*4 

1*4 ■ ■ 

i4th »» • • * • 


0*8 

0*3 

0*3 

0*7 

21st ' yy • . « • ' 


1*1 


• • 

■ 0*2 

28th „ , . , • • ■ . . 


1*0 


.. 

■■■ 0*4' 

4th February . 


0*5 

.. 


0*2 

nth yy • • t * 

. 

.. 




ISth yy « » • » 

• 

•• 

•• 


.. 


Bailey [1930] has stated that in the Sudan most of the shedding of leaves of 
cotton occurs in December and January {i.e., 4 or 5 months after sowing). At 
Lyallpur, on the contrary, more leaves were shed during August and September 
{i.e., 3rd and 4th month after sowing). It may also be observed that the shedding 
of leaves continued at a high rate much later in the Mollisoni cotton as compared 
to the three American varieties. 

SlJMMABY. 

The development and shedding of leaves of four varieties has been studied. 
The ages of the cotyledons were significantly different in the various varieties. 

The appearance of the successive leaves on the main stem was affected by the 
prevailing temperature, but there was no correlation between the intervals in the 
appearance of successive leaves on the main stem and the length of the internodes. 

The age of leaves at the time of shedding varied considerably during the course 
of the season. 
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Appendix. 

The ages of the cotyledons referred to in Table 1 were reckoned from the day 
of the emergence of the seedlings above ground to the day of their shedding. Fifty 
plants were selected in each variety and the ages of both the cotyledons along with 
the means are given in Table VI, ' • 
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THE DEVELOPMENT OE ELOWER AND POLLEN IN JUTE. 


BY 

I. BANERJI, 

Leotiifer in Botany^ Cahutta Vnimrsity. 

(Received for publication on 8th April 19S2) 

(With Plates XI and XTI and one test-dgure) 

Investigations on the agronomy and improvement of the jnte plant date from 
the beginning of this century, and many high yielding and superior strains of plants 
have been isolated by the Agricultural Department of Bengal. Einlow in a series 
of papers [1917, 1921, 1922], gives an account of the improvement of jute by pure 
line selection and also of the experiments relating to jute in Bengal. In a memoir 
published conjointly with Burkill [1912] he gives an account of the inheritance of 
red colour in Corekorus capsidaris and also deals with the incidence of self-fertilisa- 
tion in the plant. Practically all previous works refer to the improvement of the 
fibre or the plant, or to a report of its growth outside Bengal, [1921, 1926], and 
we look in vain for an account of an interspecific hybridisation or a oytological 
investigation. It has been mentioned by Maclean [1930] that * ' attempts to establish 
a cross between Gapsuhris and Gorehorus oUiorius have not so far met 

with success but no evidence has been adduced nor investigations made to 
determine the factors responsible for the non-crossability of the plants. Difference 
in chromosome numbers of the parents as suggested by Denham [1924] in the case 
o£ cotton caunot possibly be the limiting factor here, as chromosome counts have 
shown that both species possess seven haploid chromosomes. Besides, in CVepu 
and in some other plants, interspecific crosses between plants having different 
chromosome numbers have been obtained. 

The present investigation was undertaken in order to obtain some knowledge 
of the cjtological behaviour of the plant which may be of use in hybridijsation, and 
ingenetical investigations. Detailed study of the presynizetic and other stages 
of the microspore mother cells was not attempted as the material was found to be 
unsuitable for that purpose. A general outline of the development of the flower 
and pollen in is presented. 
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MAI^ERIAIi AOT) METHODS, 

Hie TOaterial used m tHs investigation was obtained from plants grown in tbe 
University College gardens, from seeds obtained from tbe Director of Agricnltnre, 
Bengal. " Cbinsnra Creen', an olitorins variety was selected for study, as 
it is renowned for its fibre qualities, and is extensively grown in Bengal. The 
plants were grown during the summers of 1930 and 1931. 

Preliminary examination of the anthers by Belling’s [ 1923 ] aceto-earmine 
metbod gave an indication as to the size of the flower buds required for the study 
of meiosis. The fixing fluids used were Flemming's weak, Acetic-alcohol, and 
Allen's modified Bouin's fluid. Acetic-alcohol gave satisfactory results, hut cer- 
tain preparations showed contraction of the cytoplasm. Immersion in acetic- 
alcohol for a minute or so, followed by prolonged treatment in modified Bouin's 
solution, however, gave better results. Fixation was always done in the field on 
bright sunny days between 11 a.m. and 3 f.m. After dehydration and clearing the 
material was embedded in paraffin. Sections were cut 8, 10 or 12 {x thick, depend- 
ing on the stage required for study. Haidenhain's iron-alum haematoxylin was 
used for staining. A number of preparations were counterstained with orange G. 


The development op the plowee. 

The order of development of the floral parts appears to be centripetal, the 
sequence of development being sepals, petals, stamens and pistil. The first indica- 
tion of the appearance of the flower bud appears to be a broadening of the growing 
point, which very soon awssumes a convex and irregular outline. The sepals appear 
as five thick protuberances from the margin of the floral axis and develop rapidly. 
The petals and stamens appear a little later and almost simultaneously. In radial 
longitudinal, and in transrase sections, the individual primordium could be made 
out from their positions. Soon after and before the stamens have differentiated the 
carpel primordia are seen to arise from the central region of the flower. They axe 
five in number and coalesce during tbeir development to give rise to a penta- 
locular ovary. 

It is interesting to note that during the differentiation and development of the 
stamens and pistil, the sepals grow very rapidly and completely enclose the young 
flower, whereas, the growth of the petals becomes arrested soon after their appear- 
ance (Fig. 7). They resume growth when the other floral members have been 
differentiated. In fact, the renewed growth of the petals was noted when micros- 
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pore formation was nearly complete ia the anthers. The figure.s below show the 
comparative development of the floral parts in 6'orc/w«'« oteofjM.s', 
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Stages in tl^e development of the flower in jute. B. receptacles ; S. sepal ; F, petal ; St. stamens j 
Catp. carpel; Figs. 1—9 are of CMnsura Green ; Figs. 1— 7x 190; Figs. 8 and 9x32; Fig. 10 is of 
Corchoms capsuhris X 50, U^'ote compressed nature of calyx. (Beduced to half.) 
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' tHt Ot ttOWEE POLLEN IN ^TOTB:' : ' llQ '', 

the doYelopment of jEloral organs was also stAidied Cofc^iorus oaps’idans^^^m^ 
it was observecl that the sequence of developnient was the satue as in Cofc?(,orus 
'ohiorim. ■ The slameus as in CMnsura Green’^ arise from the floral axis as pro- 
tuberances. These grow upwards and become broad at the upper end. The upper 
elongated region becoming the anther and the lower slender base forms the fila- 
ment.,', ■ 

Meiosis. 

The young anther, which in transverse section is four-lohed in appearance, 
consists in early stages of its development of undifterentiated meristematic tissue. 
An archesporium is very soon developed in the hypodermal layer. This divides 
periclinally, and gives rise to a layer of primary sporogenous cells and a layer of 
parietal cells. The parietal cells divide by periclinal walls, and the cells thus 
formed divide in the same manner once again. The primary sporogenous layer 
divides later by periclinal or oblique walls, and as a result two layers of diSeren- 
tinted microspore mother cells are noted in the young anthers. The outer anther 
wall thus consists of an epidermal layer, two layers of elongated parietal cells, and 
an inner tapetal layer. 

The tapetal layer after its differentiation is quite distinct in size and appear- 
ance. It contains a single nucleus in each cell which very nearly fills the entire 
cavity of the cell. During the activity of the microspore mother cells, the tapetal 
cells increase in size and their cytoplasm becomes vacuolate. Stages of mitotic 
divisions are not infrequently met with. Mitotic divisions of the tapetal nuclei 
have been noted by Dugger [1899] in Bignoia venusta, Maheswari [1929] in 
Boerhaavta diffusa, and also by other investigators. No cell plate is formed after 
the divisions, and the tapetal cell becomes binucleate. It should be mentioned, 
however, that all the tapetal cells do not become binucleate. Fragmentation of 
tapetal nuclei as described by O'Neal [1920] in Datum slmmaninm wm not 
observed. 

In the young anthers the sporogenous tissue is differentiated within the anther 
loculus. The cells are filled with finely granulated cyiiopiasm and are separated 
by delicate walls. They are generally polygonal in outline, there being no spaces 
between the individual cells and the cells of the ta^jetum. The resting nucleus 
of the microspore mother cells is nearly spherical in outline and is hounded by a 
hyaline membrane. The nucleolus generally lies in the centre of the i\uclear cavity. 
A faintly staining reticulum consisting of fine chromatic granules is noted inside 
the nucleus (Hate XI, fig. 1). Usually a single nucleolus is present, but in some 
preparations two nucleoli equal in size, or one smaller than the other, have been 
noted. Preparations faintly stained with a view to study the nucleolar contents 
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showed that the peripheral region of the nucleolus had greater chxomaticity than 
the central region, which thus appeared to resemhle a vacuole (Plate XI, fig. 2). 
Crystal bodies as described by Latter [ 1926 ] in Lathyrus odoratm wete not observed. 
Pirky [1930 ] gives an account of the opinion held by various investigators on 
the origin and nature of these crystal bodies and he is inclined to believe that 
these are artefacts. 

The activity of the nucleus on tlie onset of the ineiotic prophase is seen in the 
reticulum which now resolves into definite threads and spreads throughout the 
nuclear cavity. The threads appear to be thick at some places and thin at others. 
General parallelism of the threads has not been observed, and it appears that the 
thick portions represent chance approximation of two threads. Granules of 
chromatin are scattered over the thread, being generally noted at the points of 
intersection. The nuclear cavity becomes very soon filled up with a dense tangle 
of leptotene threads which have the appearance of a continuous spireme. The 
position of the nucleolus is variable. As already mentioned, more than one 
nucleolus has been noted in a number of preparations. The nucleolus is enclosed 
by the reticulum and appears to be in contact with it (Plate XI, fig. 3). The shape 
of the nucleolus remains more or less spherical and its chromaticity is the same 
as before. No nucleolar budding, or extrusion of chromatin from the nucleolus 
as described by Digby [1909] in Galtonia was observed nor was any amoeboid form 
of nucleolus as recorded by Wager [1904] and others found. 

The onset of synizesis is noted by the characteristic changes in the reticulum. 
The threads at the periphery become somewhat thickened and the meshes become 
somewhat larger than those in the centre. The threads contract away from the 
periphery (Plate XI, fig. 4) and condense into a tight knot which lies adpressed to 
the nuclear wall, enclosing the nucleolus in its meshes (Plate XI, fig. 6). In some 
preparations it has been observed that while most of the threads were condensed 
to form the synizetic knot, one or more threads still remained attached to the 
periphery of the nuclear cavity in the form of loops. Careful examinations in most 
cases revealed that these loops were alveolized. 

The contraction figure seen in synizesis has been suggested by some investiga- 
tors to be an artefact due to the action of fixing fluids. Pirky [1930] states “ that 
the knot does not actually exist in nature and that its presence in fixed material 
is due to treatment ”. He also quotes Chodat’s and McClung’s views on the subject. 
The almost general presence of the knot, however, leads one to believe that it is an 
essential process in meiosis. The contraction as observed in fixed material is no 
doubt accentuated as a result of the action of the fixing fluid. 

The synaptic knot next unravels itself and loops are thrown out in the nuclear 
cavity. The thread as it emerges from the synaptic knot appears to be thidker 
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than before mA careM examinaiion reveals that at places it is doable. In most 
preparations the doable nature of the thread could be followed for a short length 
only, bat there could be no doubt as to its presence. It has the appearance of two 
threads having fused laterally (Plate XI, fig. 6). The spireme appears to be 
continuous and is looped considerably inside the nuclear cavity (Plate XI, fig. 7). 
The doubleness of tbe spireme may either indicate the reassociation of the split 
halves of the univalent chromosomes (Tulosynapsis), or the pairing of entire lengths 
of univalent chromosomes (Parasynapsis). The evidence obtained during later 
stages of meiosis points to the conclusion that the spireme is univalent at this stage. 
As a result of the unravelling of the synaptic knot a typical open spireme is formed 
which fills the nuclear cavity (Plate XI, fig. 8). The nucleolus appears to be 
somewhat pale but its form appears to be the same as before. It generally lies 
in the centre of the nuclear cavity. 

The spireme next thickens and contracts, and appears to be more homoge- 
neous than before. AE traces of the longitudinal split in the spireme are obscured 
at this stage and it appears as a thick coiled rope lying free in the nuclear cavity. 
Considerable portions of the spireme could be traced successfully at this stage. 
This stage has generally been reckoned as the '' Pachynema '’/stage and appears 
to be of very short duration. 

The /first signs of the separation of the pollen mother cells are noted at this 
stage. Clear spaces appear between the individual cells but they stiU maintain 
their angular outEne. The process of ‘rounding off 'takes place immediately 
afterwards, and from the next stage onwards the poEen mother cells lie free in the 
microsporangium. 

The deep staining pachytene thread which fills the nuclear cavity (Plate XI, 
fig. 9) now shows signs of contraction by drawing in of the loops towards the 
centre of the nucleus. The spireme, as has been indicated before, is a continuous 
structure and does not show any longitudinal split. It forms a loose knot of 
tangled threads in the centre of the nuclear cavity with the nucleolus situated 
close to it. Loops or strands escape from the central mass and are spread out in 
the nuclear cavity. Figure 10 in Plate XI shows a favourable preparation where 
the number of radiating loops is seen to be seven, which corresponds with the 
haploid chromosome number of the plant. The nucleolus is situated centrally, 
which thus obscures the orientation of the loops in that region, but so far as could 
be made out from the examination of simEar preparations, the spireme appears 
to be single and the loops appear to be continuous at) this stage. The arrangement 
of the spireme indicates that chromosome conjugation in this plant takes place 
telosynaptically, as indicated by Farmer and Moore [1905], The adjacent portions 
pf the spireme are composed of tyro homologous cbrompspmes arranged ‘ it} 
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taniem’. Since tlie spireme was seen to be a coniijviions filament the fourteen 
chromosomes were evidently arranged end to end. The orientation of the seven 
loops and their subsequent twisting and segmentation at tlie central region of the 
contracted knot appears to support the telosynaptic theory of the origin of the 
bivalent cliromosomes. The split in the looping stage oliviously represents the 
separation plane of the two halves of the univalent chromosomes. The loops then 
undergo further condensation and contraction and the two arms of a loop (i.c., 
a pair of homologous chromosomes) become twisted round each other, or are 
intimately associated with each other (Plate Xl, fig. 11). Segmentation of the 
spireme into pairs of chromosomes immediately follows, and at this stage it is 
possible to make out the seven pairs of cbromosomes (Plate XI, figs. 11 and 12). 

The bivalent chromosomes thus formed remain united end to end before under- 
going further condensation (Plate XI, fig. 12). The two arms of a bivalent pair 
are arranged in various ways and not infrequently take the forms of X, 0, V or 8. 

In some cases the twisting of the chromosomes is so great that they appear as 
univalents. The seven pairs of bivalent chromosomes noted in early diakinesis 
show that they are in different stages of condensation. Their irregular outline 
is quite evident, and in most preparations the seven pairs could he seen scattered 
in the nuclear cavity. Condensation of the chromosomes proceeds rapidly and the 
chromosomes very soon assume a compact form and the plane of separation of the 
univalents becomes indistinguishable. This may also be due to imperfect fixation. 
The chromosomes in late diakinesis are rod-shaped (Plate XII, fig. 13), and are ' 
scattered in the nuclear cavity which is bounded by a distinct membrane. In no 
case, either in early or late diakinesis, was a split observed in the homologous 
chromosomes. The nucleolus at this stage maintains its spherical outline, but is 
very pale in appearance (Plate XII, fig. 13). It should be noted, that of the seven 
bivalent chromosomes one pair was observed to be slightly longer than the others. 

It was not possible, however, to trace this difference in size from heterotypic 
metaphase onwards. 

In late diakinesis the nuclear membrane gradually disappears, its edges first 
becoming obscure. The development of the spindle fibres which appear to be 
intranuclear in origin was, however, not studied in detail. No multipolar spindle 
was observed. This might be due to the effect of the fixing fluid employed. 
Latter [1926] mentions that Allen’s modified Bouin’s fluid was not satisfactory 
for the study of nuclei at this period, no trace of spindles prior the definite 
bipolar form being found, though the general fixation was good 

In the metaphase of the heterotypic division the chromosomes-are arranged 
on the equatorial region of the spindle and in well-fixed preparations their dyad 
nature is quite evident (Plate XII, fig. 16). The spindle is quite sharp and pointed 
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at both ends. A few strands of fibres are seen attached to the chromosomeB. At 
this stage the nuclear area is not distinguishable from the surrounding cytoplasm 
which appears to be comparatively dense. No perinuclear zone, as observed by 
Denham [1924], in cotton was noted, neither was any general clumping of chromo- 
somes on the equatorial plate observed. Polar view of an equatorial plate at this 
stage shows seven bivalent chromosomes (Plate XII, fig. 16). The chromosomes 
are very much condensed and appear to be all alike. 

In the anaphase the chromosomes appear to be pulled apart by strands of 
fibres which are attached to their ends. In the early stages of the separation of the 
univalents, they seem to be attached to each other by bond like projections, which, 
however, are soon absorbed. The chromosomes at first assume an irregular outline, 
but soon begin to round ofi. The chromosomes as they move towards the poles are 
independent of each other, their movement is quite regular and in no case was 
any ' lagging ' chromosome or ' non-disjunction ' noted. On reaching the poles the 
chromosomes chimp together and their individuality is lost sight of (Plate Xll, 
fig. 17). The spindle fibres at this stage are stretched from pole to pole and are 
perfectly straight. 

Figure 18 in Plate XTI represents an interkinetic stage where the chromo- 
somes appear to be free from one another and are spread in the nuclear cavity. 
The homotypic split appears suddenly and is evident in most of the chromosomes 
at this stage, and some of them are arranged in the form of V. In a number of 
preparations the seven chromosomes which lie scattered in the nuclear cavity 
could be easily made out. The chromosomes at first appear to be somewhat 
angular in outline, but very soon they elongate and appear to be connected with 
each other by delicate strands. A nuclear wall is developed at this stage and a 
small nucleolus is also noted in each nucleus (Plate XII, fig. 19). 

While the nuclei are being reorganised, the spindle fibres disappear and are 
replaced by granular striations in the cytoplasm, giving the protoplast a barrel- 
shaped appearance. The nuclei remain in the interkinetic stage for some time 
before it passes on to the second divisional stages. 

In the metaphase of the homotypic division the chromosomes are grouped 
together in the equatorial region of the spindle. They appear to be smaller than 
those observed in the first division. There is no difference in shape or size be- 
tween the individual chromosomes. The movement of the chromosomes to the poles 
is quite regular. Stringing out of chromatin in fibrils, or lagging chromosomes, 
were not observed. On reaching the poles the chromosomes clump together (Plate 
XII, fig, 20) and their identity is lost for a while, but very soon they move apart 
and pass on to the telophasic stage. The spindle fibres become obliterated and 
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the chromosomes are distinct from each other at this stage, and appear to be 
spread in a hyaline sap. In favourable preparations it is possible to count the 
seven chromosomes. Very soon the nuclei are organised with a nuclear membrane 
and a deep staining nucleolus. The chromosomes next elongate slightly and are 
connected to one another by faintly staining strands. The nuclei then pass on to 
the resting condition and remain in that state for a relatively long time. 

The space relationships of the homotypic spindles are very variable. They are 
usually parallel to each other (Plate XII, fig. 20), but occasionally they have been 
observed to lie at right angles or at acute angles. Whatever their arrangement 
might be, a tetrahedral arrangement of four microspores is always met with. In 
no case was a bilateral arrangement of the microspores observed. 

When the reduction divisions are completed the microspores secrete a muci- 
laginous pellicle which surrounds the tetrad and completely envelops it. Cytoki- 
nesis is brought about by furrowing. The process has been fully described by 
Parr [1916], and Reeves [1930] has also given an account of the various views on 
the subject, which need not be repeated here. The cleavage furrows were first 
noted after the tetrads wem formed and not after the heterotypic division as has 
been mentioned by some investigators. The furrows first appeared at the periphery 
of the cytoplasm at four points, equidistant to one another (Plate XII, fig. 21). 
The constrictions gradually cut in the cytoplasm and meet in the centre of the cell 
(Plate XII, fig. 22). The protoplast thus separates into four cells. The mucila- 
ginous layer extends into the furrows and forms plates between the separating 
microspores, which appear to be embedded in a sphere of hyaline material. The 
young microspores after a period of rest are liberated into the microsporangium by 
the dissolution of the mucilaginous membrane. Each microspore is now surround- 
■ ed by a cell wall which probably results from the thickening of the previous cell 
membrane. 

The cytoplasm of the liberated microspore appears to be somewhat dense and 
it contains a spherical nucleus in each of which a single nucleolus and chromatin 
granules are noted. At this stage the microspores rapidly increase in size and the 
outer walls become differentiated. Three sulci are noted on the wall and the germ- 
pores are situated centrally one in each of these sulci. The walls of the pollen 
grains are folded inwards along the sulci, and as a result the poEea grains appear 
oval in outline. When the pollen grains become turgid the walls expand, and the 
microspores appear round in form. A single nucleus embedded in a mass of 
cytoplasm and situated centrally is noted in the young pollen grain (Plate XII, 
fig, 23), No nuclear division was noted inside the pollen grain, nor was any poUen 
grain found to be binucleate. 
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Summary. 

The development o£ the flower and pollen has been studied in Oorehorus 

olitonus,'--{' Chim 

1. Ihe development of the floral organs Oorehorus 

Oorehorus capsularis is centripetal. The seciuence of development being, sepals, 
petals, stamens and pistil. The growth of the coroUa is arrested at an early stage 
of its development. It, however, resumes growth when the other floral members 

have been differenciated. 

2. The resting nucleus of the microspore mother cells has a granular reticu- 
lum. The nucleolus generally occupies a central position. 

3. A very contracted ‘ knot ’ is noted in synizesis. The knot lies at one side 
of the nuclear cavity adpressed to the nuclear wall. The nucleolus is entangled in 

the meshes of the knot. 

4. A second contraction stage is noted and the method of chromosome conjnga- 
tion is telosynaptic. Seven loops have been counted at this stage. Each loop is 

composed of two homologous chromosomes united at the apex of the loop. 

6. In diakinesis the two members of a bivalent chromosome, lie side by aide or 
axe arranged in various ways. The homotypic split was not observed at this 
stage. 

6. The heterotypic and homotypic divisions are regular. 

7. An interkinetic stage of some duration is passed through before the com- 
mencement of the second division. The nuclei are weU organised and the homo- 
typic split IS noted in most of the chromosomes at this stage. 

8. Cytokinesis takes place by furrowing. 

9. The young pollen grains contain a single nucleus situated centrally. 

10. The haploid number of chromosomes is seven, the diploid fourteen. 
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Explanations of plates. 

All the figures were drawn with a camera lunda and have been reproduced witboai reduction. 

The figures were drawn under 1/12 a inch imm., Leitz N. A. 1*32 %vitb compensating ocular 
12. figs. 17 and 23 were drawn Under 1/12 a inch imm., Leitas A. 1*32 with ocular 10. 

Plats XL 

Resting nucleus of pollen motber cell. The reticulam bas a granular appearance* 
Prophase. Leptonema threads well formed. 

Prophase. Leptonema threads show first signs of contraction. 

Xote alveoiisation at certain regions of the spireme, 

Begiuuinr first contraction. The nuclear contents are withdrawn from the periphery 
and are aggregating in the centre irreguKrly, 
first contraction— the nucleolus enclosed by the synaptic knot. 

The spireme is emerging from synupsis in the form of loops. Some of the outer bends 
of the loops show distinct fission. 

lady hollow spireme. The split in the spireme is still evident at certain places. 
Hollow spireme. 

Pachynema stage. 

Second contraction. Seven loops are seen to radiate from the centre of the nucleus. 
Segmentation of the seven loops to form the bivalent chromosomes is noted. The 
two arms of a loop »re twisted round each other. 

Early Diakkesis — ^the seven bivalent chromosomes are scattered in the nuclear cavity. 
The nucleolus is very pale in appearance. 

Plate XIL 

Fig. IB. Diakinesis— one bivalent pair appears to be slightly longer than the others. 

Fig. Id. Chromosomes aggregating towards the equatorial plate. 

Fig. 15. Heterotypic metaphase. 

Fig. 16. Polar view of a u equatorial plate showing the haploid number of chromosomes 
(seven). 

Fig. 11. Telophase of the first division. 

Fig. 18. Interkinesis-— note split in the univalents. 

Fig. 19. Interkinesis — the chromosomes have become stretched out and anastomoses are noted. 

Hucleolus also is seen at this stage. 

Fig. 20. Homotypic division— telophase. 

Fig. 21. Quadri partition of mother cell protoplast by fuiTowing, 

Fig. 22. Pollen teti’ad. Mici'ospores enclosed k a mucilaginous pellicle and are not completely 
separated as yet. 

Fig* 23. A young microspore, with a single nucleus place d'centrallyt 


Fig, 1. 
Fig. 2. 
Fig. B. 

±ig. 4. 

Fig. 5. 
Fig. 6. 

Fig. 7. 
Fig. S. 
Fig. 9. 
Fig. 10. 
Fig. IL 

Fig. 12. 


THE F, GENEExlTION OF A HYBRID BETWEEN m A.MERIOAN 
AND AN ASIATIC COTTON * 

BY 

S. J. PATEL, M. Ao. 

Department of Agruiulture, Bomba‘s. 

(Received for puUicatioii on 7th November 1932) 

(With Plates XIII and XIV) 

It is well knowa that crosses between Asiatic and Americam cottons are 
difficult on account of the difiering number of their chromosomes, thirteen beii^ the 
haploid number in the former and twenty-six in the latter. Till now only few cases 
of such crosses have come to the notice of the writer, the first reported by Zaitzev 
[1922-23], the parents of which were Gossypium herbaoeim (female) and !?. Mrsutum 
(male), the second of similar parentage by Desai [1927], and the third, a recent one 
{0. barhadmse X G. arboreum) by Harland [1932]. Harland [Loe. cit.] refers to 
two more recent cases, one {G. kerbaceim x G. hirmiim) reported by VycotsH and 
the other in which the New World type has been used as female by Nakatomi. 

The result obtained by the workers cited here and of the writer himseK with 
the exception of Harland has been that the hybrid of a cross between the old and 
new world cotton has hitherto proved sterile. Harland 's work, therefore, in obtain- 
ing a hybrid which although sterile on the female side has proved to possess some 
functional pollen grains which were used for back crossing with G. barbadense is 
note-worthy in that it shows that successful crosses giving a fertile or partially 
fertile hybrid are still possible between the Old and New World cottons. Prom the 
seeds of back crosses Harland has successfully raised a few Pj plants which from 
their characters seem to indicate as Laving derived a few chromosomes of the 
Asiatic parent. Back crossed plants when again crossed with G. harhaienm have 
proved to be fertile on both female and male sides which thus leads to the possibi- 
lity of evolving a new race of cotton combining in itself the desirable qualities of 
the Old and New World types. 

The present note deals with the description of the first generation hybrid 
between an American and an Asiatic cotton and adds to, and in a way confirms, the 
experience of previous workers. In the year 1928, the writer had made an attempt 
to fertilize about fifty emasculated flowers of Bourbon [G. purpurascens) with pollen 

* Til© author is indebted to Dr. W. Bums, Economic Botanist to the Government of Bombay, for 
help in writing this paper. 
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of Wagad 12 (<?. hefimetm) and other strains of Wagad. No special technk|ii»! was 
resorted to except tlie following : — 

The anthers of Bourbon flowers were found to burst earlier by about three 
hours, L c.. at about 8 a. m. than those of Wagad 12 and other Wagad strains. Thus 
ir seemed that the stigmas of Bourbon 'would he. receptive comparatively earlier. 
In order to make the anthers of Wagad 12 and other Wagad strains burst earlier 
the writer used to remove the corolla of flowers and keep the androeceuin exposed 
to the sun. taking precautions that the pollen grains did not get contaminated with 
any other pollen. It was thus possible to apply the pollen to the^emasculated 
flowers of Bourbon at about 10 a. h. With the exception of one flower pollinated 
with the pollen of Wagad 12, the rest of the cross- pollinated flowers dropfied. This 
flower gave a boll with a single seed in it. The peculiarity of Bourbon is that some 
of its bolls develop even with a single fertilized ovule, while in most of the other 
cottons, even bolls with two or three fertilized ovules shed. This seed was sown 
with special care at the Cotton Breeding Station. Viramgam, in the month of June 
1929. The plant grew successfully and the various characters interesting from the 
point of view of its parentage were observed. The mode of mheritance of each 
character has been described below 


(7) Purple leaf spoL 

Bourbon. — ^Purple leaf spot is present near the pulvinus both in cotyledons and 
other leaves. 

Wagad 12. — Spot quite absent. 

Hybrid. — Spot absent in cotyledons. It appeared as a clear red spot in young 
leaves. As the plant grew older, there was no visible difference 
between the purple leaf spot found in Bourbon and the one found 
in the leaves of the hybrid. 



{2) Purph coloration of brafiches and stem. 

Bourbon. — Purple color throughout except on young shoots. 
Wagad 12. — ^Absence of purple coloration of the Bourbon type. 
Hybrid. — Purple coloration as in Bourbon. 

(3) Hairimss of the stem and leaves. 

Bourbon. — ^Almost glabrous. 

Wagad 12. — ^Hairy. 

Hybrid.— Intermediate but more like the glabrous parent. 
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{i) Height {Plate XIII). 

Bourbon.— Perennial— growth being not inore tHan one to one and a quarter 
foot in the first year. Growth very quick during later generations, 
the final height being fifteen to twenty feet, 

Wagad 12.— Annual. Two and a half to three feet high. 

Hybrid.— Intermediate between perennial and annual habit. Growth not quick 
in the second year. Height intermediate but showing partial 
dominance of tallness. 

(5) Posttim offirst sympodnmonthewainstem. 

Bourbon.— First sympodium at a high node, i.e., eighteenth node and above. 
Wagad 12.— First sympodium at a low node, i.e., fourteenth node on an average. 
Hybrid. — ^Dominance of lower node. Actual node number was twelve. 

(6) Flowering habit. 

Bourbon.- Flowering later than Wagad 12 by fifteen to twenty days. 

Wagad 12. — Early. 

Hybrid.— Flowering as found in Wagad 12 and hence dominance of early 
flowering. 

(7) Leaves {Plate XIV, -jig. 1), 

Bourbon. ^Leaves broad and big with three shallow lobes. Sinus between the 
lobes not thrown up in folds. 

Wagad 12. Leaves small with five lobes deeply cut. Sinus thrown up in folds. 
Hybrid. — ^Leaves broad as in Bourbon with five lobes as found in Wagad 12. 

Lobes intermediate, i. e., neither deep as in Wagad 12 nor shallow 
as in Bourbon. Sinus thrown up in folds as in Wagad 12. 

{8) Dentation of braeteoles {Plate XIV, -fig. 2, uf per row). 

Bourbon. — ^Long teeth. 

Wagad 12. — ^Very small teeth. 

Hybrid. — Dominance of long teeth. 

{9) Petal spot {Plate XIV, fg. 2, lower row). 

Bourbon.— No spot. 

Wagad 12. — ^Big purple spot. 

Hybrid.— Spot intermediate ; actually it was on the atnall ct/Ia , 
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{10) Petal colour. 

Bourbon.— -Very pale yellow. 

Wagad 12.— YeHow (luU^ 

Hybrid.— Yellow (full) and bence dominance of yellow (full). 


[Hi,!. 


{II) Pollen colour. 

Bourbon. — ^White. 

Wagad 12. — Yellow (full). 

Hybrid.^ — ^Yellow (full) and hence dominance of yellow (full). 

{12) Position of slitjma in the hud Ktage. 

Bourbon.- -Sfcigma visible in the bud stage as petals at the top do not overlap 
completely. 

Wagad 12. — Stigma not visible in the bud stage as petals at the top completely 
overlap each other. 



Hybrid. — Same as found in Boiubon. 

The hybrid (Bourbon X Wagad 12) was quite sterile, though the flowering was 
profuse. The anthers were found shrivelled up. Back-crossing with the pollen of 
either parent was tried but with no success. 

In two respects the writer’s results have agreed with Harland’s, firstly consi- 
dering the few crosses made the success could he attributed to having used the 
American as the female parent, and secondly the single seed produced in a holl has 
been observed by Harland as usually occurring. 

It was proposed to make chromosome studies of the hybrid but the plant was 
accidentally destroyed in 1931. 
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No. 6.-~THE EFFECT OF FEETILIZBES ON THE VAEIABILITY OF THE 
YIELD AND THE EATE OF SHEDDING OF BUDS, FLO WEES 
AND BOLLS IN THE COTTON PLANT IN SUEAT. 

BY 


P. 0, MAHALANOBIS. 


Professor of Physics, Statistical Laboratory, CahtiMa. 

(Received for publication on 3rd October 1932). 

1, Mr, K, V, Joshi of tlie Cotton Eesearcb Laboratory, Surat, has sent us for 
statistical analysis the results of certain experiments f conducted by him in 1930-31 
with fertilizers on selected strains of the cotton plant. 

The effect of fertilizers may be divided into two distinct groups — (A) changes 
in the mean value of the yield, or the mean rate of shedding at different stages, and 
(B) changes in the variability of the yield or the variability of the rate of shedding. 
Consider the production of buds The application of fertilizers may affect the 
number of buds produced. It may also affect the variability of the bud pro- 
duction from plant to plant under the same treatment. These two effects must be 
carefully distinguished. 

Fisher's method of analysis of variance '' is designed to test whether the 
mean values are affected or not, that is, to investigate effect (A). In this method 
it is assumed that the variabilities are identical, i.e., that effect (B) is inappreciable. 

It is quite possible, however, that mean values are not affected, i.e., effect (A) 
is inappreciable, while effect (B) is not negligible, so that variabilities are appreciab- 
ly altered. 

Speaking generaUy it is desirable to investigate both the effects. In case 
variabilities are appreciably the same (i.c., effect (B) is neglible), Fisher^s z-test can 
be applied to test whether mean values have altered. If effect (B) is not negligible, 
further studies may become necessary. Neyman and Pearson [ 1931 ] have consi- 
dered this problem very fully in a recent paper and have developed suitable 
methods for disentangling the different effects. I shall use Mr. Joshi's data to 
illustrate the use of such methods. 

* We are receiving a large number of enquiries of a statistical nature from agncuituraj workers in 
different paits of India. Many of these enquiries are of cosiderable general mterest, and it is pro- 
posed to publish notes on selected topics fixim time to time. These notes will deal mainly with 
statiscai methods and procedure, and it is not intended that they should always contain new 
matter.-™— Ed, 

t The actual data will be found in Appendix I given at the end of the paper and fuller details in 
another paper. Statistical Notes No. 7. This Journal, VoL 3, p» 139. 
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2* Neyman and Pearson [1931] have distingiiished three different cases : — 

(i) The hypothesis H 0 that the samples Belong to populations having the 
same mean value and the same vamiice, so that so far as the mean 
value .'and the variance are concerned, the samples may' Be considered 
to have come from the same population [1930]. 

(n) The hypothesis Hj that the samples come from populations having the 
same variance. The mean value maj' Be different for each population 
(or identical as a special case). 

(in) The hypothesis Hg that the mean values are identical, it Being assumed 
that the variances are also identical 

It will be noticed that (i) will test whether both mean values and variances 
are identical, (ii) whether variances are equal or not, and (///) H 2 whether mean 
values are equal or not, it being assumed that variances identical Test of 
is simply an alternative form of Fisher 8 2 ;~test and need not Be further considered 
here. It must be emphasized, however, that Fislu'r s method of aiialysis of vari- 
ance in its usual form can only be applied on the assumption that the variances are 
identical 

3. It will be now necessary to define certain statistical parameters. 

Let m and be the size, mean value and variance of the i 'hli sample. 
Then 

( 2 ;) Ht&V^=S(a: — m,)^ . . . . (1) 

where S represents a summation for all ni values of x for the i ''th sample. is 
thus the observed standard deviation for a single sample. Let there be k such 
samples. 

The average variance within all samples is defined by : — 

iV'=S(nt) (u; , (2) 

where S represents a summation for all '‘if samples, and N is the total number 
of individual observations available. 

Finally the general mean mo and the general variance are defined by 

where S/S represents the summation for all N values of ir. It will be noticed that 

is the total '" variance, and the mean variance " withins amples " ordinari- 
ly used in the analysis of variance. 

A case of special importance occurs when +he size of the sample is the same 
for all samples, i.c., ......... and In this case there is a 

considerable simplification in the working formulae. It is therefore extremely 
desirable to arrange the size of the sample to be the same, whenever this is possible, 
in field experiments. 

* The author has considered this problem in greater detail from a theoretical standpoint in a 
different paper [1930]. 
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Neyman and Pearson’s formulae can then be put in the following form, 

, . 5.2 • ■ . 

^ 0=172 • Tl- ■ • 


We may introduce the geometric mean of the variances defined by:— 

Sg2==(s^. s^2 . . upto . . , . • . (6) 

or its logarithmic form 

log SgW/i (log Si^+log Sa2+ . . 7.|.iog,^2) ; . _ ( 61 ) 

Then log lo=log {Sg^)-~\og (sq^) . . . . . . , (4-1) 

log Zi=log (Sg2)-_log (sg2) . , . ; , . ^ (5-1) 

Also log i2=log (s/)— log (.V) • . , . . . . . (7) 

So that log Zo=log Zj + log Zg . . .... . , (8) 

The formulae for the distribution of Iq and have been given by Neyman and 

Pearson [1931]. 


L The interpretation of and is extremely simple. If hypothesis is 
true (that is, if all k '" samples are drawn from a population having the same 
mean value and the same variance) then Iq will be sensibly equal to unity. In the 
same way if hypothesis Hj^ is true (that is, if the " samples are drawn from 
populations having the same variance but with either the same or different mean 
values), then ?! will be sensibly equal to unity. On the other hand as Iq and 
become smaller and smaller the hypothesis Hq and Hi respectively become less and 
less probable. In other words if Iq is found to be significantly less than unity, the 
observed samples cannot be considered to have come from the same population. 
In the same way if is found to be sensibly lower than unity then the observed 
samples must be considered to belong to populations having different variabilities. 

With the help of the formulae for moment co-eflS.cients, given by Neyman and 
Pearson, it is possible to calculate the 6 per cent, and one per cent, points for 
both Iq and li, and hence judge whether Iq or is significantly lower- than unity, 
or may be considered sensibly equal to unity. 

The statistics 7)2 is equal to (1 — t)^) where 73 is the "' correlation ratio ” of 
Karl Pearson. When Ig is small 73^ is large, so that the mean values for the 
different samples cannot be considered to be identical ; tkm furnishes simply 
an alternative form of Fisher's J2:4est. 

It will be noticed that 1^, so that the value of Iq may be reduced 

either due to or Z^. Thus hypothesis TSq may become improbable owing to (i) 
the variabilities being different, or (ii) the mean values being different, or (%ii) due 
to the joint effect of both the factors. 
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5. I shall now consider Mr. JosM’s data. The “ control ” plot will be referred to 
as sample No. 1, the Juiy-mantiied plot as sample No. 2, and the August-manured 
plot as sample No. 3. 

The calculation of ^ 0 , and Ig (or z) is quite simple and straightforward. 
The variances s® for the three samples are determined directly and the 

weighted geometric mean Sg® is calculated with the help of logarithms. The mean 
variance within samples Sa®, and the general variance are required for the 
2 -test and are calculated in the usual way. 

The calculation for the number of “ buds ” is shown in Table (1,1). Adding 
the logarithms of the three individual variances, we get n‘90972I4. Dividing by 
b = 3 we get the weighted geometric mean log 3'9699071. Subtracting the 
logarithm of (=4‘0134756) from log« 2 ^ we get loglj=l‘9B643l6. 
Similarly subtracting logsg® (=:4T392424) we get log Zo=l'8306647. The 
observed value of 2o=0'8741 and of ^i=0'9465. (For comparison we also find 
that l2=0'9236.) 

The variances and calculations for the number of “ flowers ”, “ boils ” and 
the proportion of “ flowers : buds bolls : flowers” and “bolls: buds” are 
shown in Tables (I, 2) — (1,6). 

The observed values of Iq, and z are shown in Table II. 

6. We can now use Neyman and Pearson’s theory to judge the significance of 
these observed values of 1. Using the formulae for moment co-efficients given by 
them, we find the foEowing values for the B per cent, and one per cent, points of Iq 
and li for n = 20, h = Z. The 6 per cent, and one per cent, values of z are also 
given for comparison. 


Size of sample 

Level of significance 

k 

h 

1 . z 

w = 20 \ 60 

5 per cent. 

0-8417 

0-80I2 

0-6764 

11 

1 per cent . 

0-7816 i 

0*8334 

0-8065 


The significance of the expected values is clear. If hypothesis Hg were true, 
that is, if sets of 3 samples of 20 (Jc — B, n = 20) were repeatedly drawn from the 
same normal population, then the observed value of Zq would be less than 
0'8417 in 5 per cent, and less than 0'7816 in one per cent, of cases. Similarly if 
hypothesis Hj were true, that is, if sets of 3 samples of 20 were drawn from normal 
populations with an identical variability (but equal or difierent mean values), 
then the observed value of Zj would be less than 0'8912 in B per cent, and less 
than 0*8334 in one per cent, cases. 
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Table (1, 1). Table (1, 3). 

Buds. Bolls. 


' , Sample 

Variance 

log 

Sample 

Variance 

% 

V 

• . • 

• 

1,69,00*25. 

4*2278932 


• 


1,29*01 

2*1106234 


: . ' . . ■ 

• 

70,77-30 

3-8198676 


• ■ • 


77*39 

1*8886848 

q 2 

■' . 

• 

67,91*42 

3*8319606 


• 


1,04*28 

2*0182010 


Total 

* 


11-9097214 


Total 



6*0176092 


' * ■ 

. 

Average . 

3*9699071 

V 



.. 

2-0068364 


, • 

* 

1,03,13-15 

4*0134755 




1,03-56 

2*0161601 

8/ 

' . 

. 

1,S7, 79*78 

4*1392424 

V 



1,16*16 

2*0612631 


. 

V 


1*8306647 

lo 



, ' 

1*9446733 

h 

'' . . , . 

. 


7-0364316 

h 


• 


1*9906863 

h 

• 

• 


1*8742331 

h 




1-9538870 

Table (I, 2). 

Flowers. 

Table (I, 4). 

Flowers : Buds. 

Sample 

Variance 

log 

Sample 

Variance 

log 


■ ' tt 9 

; 9 

14,66*35 

3*1062376 


, 

. 

1,04-66 

2*0197392 

V 

' ' m tt 

• 

1,10,74*06 

4*0443066 


.. 

• 

1,09*65 

2*0400086 



• 

13,75*89 

3*1385838 

V 

• • 

• 

39*26 

1*6939503 


Total 



10*3491279 


Total 

• 


6*6636981 

V 



* # 

3-4407093 

s ^ 

9 « 

. 

■ f ■ 

1-8846660 




46,9 1*07 

3*6716496 

5a® 

• • 

• 

85*29 

1*9308981 

V 



49,56*73 

3-6960601 



• 

101*43 

2*0061664 

h 




P7646692 

k 

* 

• 

•• 

i-8783996 

k 




f*7781597 

k 

■ ■■■ ' 

• 

•• 

1-9636679 





1-9764995 

h 


• 

•* 

1*9247317 
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Table (L 6). (Table I, 6). 

Bolls : Flowers. Bolls : Buds. 


Sample 

Variance 

log 

Sample 

'Variance 

log 


13'00 

1- 1139434 


8-79 

()•9439RR9 

. . . 

26’{)5 

1*4158077 

. . . 

11*09 

|■(M49.■}I^> 


29-83 

1*4746533 

.932 • . . 

4*53 

(l-ll.'ItiOaRa 

Total 


4*0044044 

Total 


2-0450189 

V' • ; • . . 


1*3348015 

0 2 

Bg . • . 


*8816729 

'■> ' .'v> 

■ , . ■ 

1*3586961 

■ .. , ' . 

8*20 

0*913^439 

V . » . 


1*3932241 

V 

■10*03 

1*0013009 

^0 • • 


1*9415774 

Iq • * ■ 


1*8803720 

h * . . 

.. 

1*9761054 

Zj . . • 


1-9678590 

h „ . ■ . . ■ . : 

1 

— j 

1*9654720 

12 • » • 

•* 

1*9125130 


Table II. 

Observed mines of lo, Ij, I 2 o»d z. 


Character 

h 


h 

■ z 

Buds . . . 




, 


0*6771 

0-9046 

0*7486 

1*1207 

Flowers . 






0-5684 

0*6000 

0*9473 

0*2215 

Bolls • . 






0*8802 

0*9788 

0*8993 

0*5718 

Flowers; Buds 






0*7558 

0-8988 

■0*84:09 

0-8250 

BoHs ; Flowers 






0*8741 

0-9465 

0*9236 

0*4185' 

BoBs : Buds . 






0-7579 

0-9287 

: 0*8176 

; .'0*9179 

5 per cent* 






0*8417 

0*8912 

0-8999 

0*5764^ 

One per cent. . 






0*7816 

1 

0*8334 

' , 0*8503 

, 0-80'r> 


7. Adopting an one per cent, level of significance we notice that Iq is signi- 
ficantly lower than unity in 4 cases : (i) Buds, (ii) Flowers, (iii) Eatio of flowers 
to buds, and (iv) Eatio of bolls to buds, showing that the application of fertilizers 
produces significant effects in the case of “buds”, “flowers”, and the ratio of 
shedding of buds. 
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With the help of and Ig (<>i‘ rather js), we can make a deeper analysis. ; 

The 2 -fcest shows that the mean values are significantly different in the case of 
(i) ''bads’’, and the ratio oi (ii) "flowers ; buds’’ and (iii) ‘'bolls: buds”, I 

while % shows that the variabilities are different in the case of “flowers’". In j 

the case of " flowers : buds” the ^i-test is on the verge of significance. \ 

We conclude that the application of fertilizers has had the following effects— I 

(a‘) The mean number of “buds”, the mean proportion of “flowers : 

buds ”, and the mean proportion of “bolls : buds” are all altered I 

appreciably. The effect on the production of “buds” is apparently 1 

the basic factor. The application of Fisher’s ^''test is thoroughly i 

justified in this cavse. | 

(ii) The variability of the production of “flowers ” is altered but not the I 

mean number of flowers. It is possible that this has caused a just 
appreciable e ffect on the variability of the proportion of “ flowers : 
buds ”, In such cases the Ji-test would not reveal any effect. -■ 

{iii) In the case of "bolls'’ and the proportion of “ boUs : buds ” neither I' 

the mean values nor the variabilities appear to have altered appre- | 

ciably. 1' 



MahalanoMs, P. 0. (1930). J, Aslat* <S^oc., Bengal, 26, 641. 

Mahalanobis, F. C. and Bose, S. S. (1933). Ind^ Jl Agric. Set. 3, 139. 

Hejman, J. and Pearson, E. S. (1931). Bull* de VAead. Pel. Cracow, Serie A, 460, 


8. It will be noticed from the above results that in certain cases the 
production of; " flowers ” in the cotton plant under different manurial treatments), 
the use of the a:-test is not sufficient. It is, therefore, desirable and necessary 
to use the new tests of Feyman and Pearson whenever there is any suspicion of 
the variabilities becoming sensibly altered. The separate calculation of the 
variance for each sample is not difficult (in fact most of the arithmetical work is 
usually done in the course of the analysis of variance), and the calculation of Iq 
and li is also easy and straightforward and should take very little time. The 
expected values oi Iq and ij, however, require very laborious calculations with 
Gamma functions. Tables of 5 per cent, and one per cent, values of Iq and li for 
a fairly large range of values of n and have been prepared in ray laboratory, and 
will be shortly published. With the help of these new tables, the use of the 
tests will be as easy and as simple as the use of the z-tests. It is scarcely 
necessary to point out that the lo-and li-tests do not supplant but merely supple- 
ment the ) 2 !-test. 


REPERENOKS. 


A.PPBINDIX I 
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STATISTICAL NOTES EOE AOEICIILTURAL WORKERS. 

NO, T.— THE EFFECT OF THE TIME OF APPLICATION OF FEBTILIZEES 
ON THE YIELD AND THE BATE OF SHE DING OF BUDS, FLOWEB 
AND BOLLS IN THE COTTON PLANT IN SUEAT. 


P. 0. MAH ALANOBIS and SUBHENDU SEKHAB BOSE, 

StalisiiGol Laboratory, Presidency College^ Calcutta. 

(lAeceired for publication on 3rd October 1032) 

1, Mr, K. V. JosM of tlie Cotton Research Laboratory, Surat, sent us last 
year for statistical analysis the results (given in Appendix 1) of his experimenk 
conducted in 1930-31 with fertilizers on a selected strain of the cotton plant. 

Mr, JosM stateH that the cotton plant in Surat produces on an average 
about 300 buds of which about 225 are ordinarily shed as buds, so that only about 
75 develop into flowers. Out of these 75 flowers no less than about 45 are again 
shed in a premature condition, so that only about 30 (out of 75 flowers or 300 buds) 
mature into open bolls and thus contribute to the final yield. The effect of 
fertilizers is often complex. It may give increased production of buds, but if the 
shedding of buds, or the shedding of flowers is also increased there may not be 
any gain in the final yield. On the other hand even if the production of buds 
remains the same but the shedding of buds or of flowers is appreciably decreased, 
the final yield may be considerably increased. Mr. Joshi enquired how these different 
factors may be disentangled, and whether it is possible to construct a generalized 
index which would give due weight to the different factors. In our opinion the 
best procedure in this case would be to study each stage separately, and also to 
study the over-all or total yield by itself. 

If we neglect any possible effect which fertilizers may have on the variability 
of production*^, we can use Fisher’s method for the analysis of the results. A 
discussion of Mr. Joshi’s data on these lines is given below. The details of the 
analysis will be found in Appendix IL 

2. In the first experiment with dry manures, a control plot (with 20 plants) 
was maintained without any artificial fertilizers, another plot (also consisting of 
20 plants) was treated with 40 lbs. of nitrogen per acre applied in the form of 
sulphate of ammonia in the month of July, a third plot (with 19 plants) was treated 
with the same quantity of the same manure in August. 

♦ Tile ©Saoti oa variaMlity has been considered in greater detail in a seperate note (No. 6, this 
donmal 3, 131. 
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3. The mean yields of buds per plant under the different treatments are given 
in Table I. 


Bui'S. 
Table I. 


Treatment. 

Mean 

number of 

1 buds per 
plant 

. ■ . Bifferenee in yield. 'from ■■ 

Control 

July-maniir© 

, Aug'UBt*maniira 

Ooiitro] . . . . . 1 

254*0 


. ■ —126*2 


July -manure . . 

380*2 

4 - 126'2 ' 


+ 122-9 

August-manure . , 

257*3 


— 122*9 i 



The 2 -test is positive indicating a significant difference in mean values. 
Standard error of difference in mean=32‘96. 

The July application gave a definitely larger yield of buds, while the August 
application is practically ineffective. 

4. For flowers we have the following results. 


Flowers. 
Table II. 


Treatment 

Humber 

Difference in yield from 

per plant 

Control 

July-manure 

[ ■ , 

Augu8t-m.anure 

Control 

99*3 


— 39*3 

^ —19*4 ' 

July-mannre • . * 

108*6 

+ 39*3 

' .. 

■ +'19*9 

August-manure . * 

mi 

+ 19*4 

— 19*9 



The a-test is negative, and the standard error of difference in means=22-24. 
Differences in the number of flowers per plant are negligible. 
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S. I'inally for bolls the results are given below. 


BoUs. 

Table III. 


Tr^atmeEt 

i No. of bolls 
per plant 

1 Difference in yield from 

Control 

July-manare 

August-manure 

CoEtrol . . 

31*6 


—» 8*1 „ 

'■ 3*1 ' ' 

July -manure 

39’7 

4-8*1 


-fS-O 

August-manur© , 

34*7 

f3‘l 

-5*0 



The 2 -test is on the verge of significance. Standard error of difference in 
means=3’20. 

The J uly-manure produces an appreciably larger number of bolls than the 
untreated plants, but August-manuring is ineffective. 

6. The mean percentage of success of buds developmg into flowers is given 
in Table IV. 


Flowers: Buds. 
Table IV. 



Mean 
proportion 
of flowers : 
buds 

Difference from 


Control 

July-manure 

August-manuie 

Contio! • • 

39*0 

. . 

4-2*5 

'—7*1 

July-manure . ♦ . 

36*6 

— 2‘5 


, ^9*5 

August-manure . 

4G-1 

+ 7-1 

-)- 9-0 



The 2 -test is positive, and the standard error of difference in means=3‘00. 

The August-manure shows the largest percentage of flowers (that is the lowest 
rate of shedding of buds), the dfflerence from the July-manured or untreated plots 
being statistically significant. The July- application, however, shows no advantage 
over the unmanured plants. 

















I 

( 
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7. Mean perceafcage of snccesa of flowers developing into bolls is given in 
Table V. 

BoUs : Fhw&rs. 

Table V. 


Treatment. 

At ean 

propf^rtion of 

liowem 

Difletenco'from, ■ 

Controi 

July-man«re 

August-manure 

Control . . 

• 

. » 

31*9 


+3*3 

■V. +2*7" 

July •manure , . . . 

. 

• 

28*6 

—3*3' 

» 

. ' ■ 

August-manuie . 

• 

• : 

29*2 

—2^7 

+0-6 



The »-test is negative, standard error of diflerence in means=l‘55. 
The application of nitrogen has no appreciable effect on the whole. 


8. The mean percentage of success of buds growing into bolls is given in 
Table YI. 


j 



Bolls: Buds, 
Table VL 


Meaa 

proportion of 
boils ; 
buds 


Biffeieaoe from 


Controi 


July-manuro 


August*manurd 


Standard error of difference m 2neans===*93. 

August-manaring has no effect, while Jaly-manaring, gives the worst results . 

9. We may now simamarize the effect of the time of application of fertiliiser 
separately. 

{(j^) July-imnunng, 

Manuring in Jnly definitely stimnlates the production of a larger number of 
buds per plant which is about 50 per cent, higher than that of the untreated plants. 
.jDuring the flowering and boiling stage, the rate of loss is slightly larger than that 


12- 4 
10*4 

13- 5 


— 2*0 
+ 1*1 


+2*0 

+3*1 


CJontiol 
July manure 
August-manure . 
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■of the control plot, so that ultimately the number of bolls per plant is only 26 
per cent, higher than that of the untreated plants. 

(b) August-manuring. 

August -manuring docs not lead to any appreciable increase in the number of 
either the buds, flowers or bolls. The rate of shedding during different stages too 
indicate no significant improvement over the control, except a slight stability of 
the buds during the flowering stage. 

SUMMART. 

Eesults of certain fertilizer experiments on the cotton plant conducted in 
1930-31 by Mr. K. V. Joshi of the Cotton Eesearch Laboratory, Surat, have been 
discussed in this paper. The effect of applying 40 lbs. of nitrogen in July to 
certain plants, and the same quantity of nitrogen in August to other plants has 
been studied in detail wjth reference to the following factors -The production of 
(1) Buds, (2) Flowers, and (3) Bolls, and the percentage of (4) Buds developing 
into flowers, (6) Flowers developing into bolls, and (6) Buds developing into bolls. 
It was found that manuring in July gave a significant increase in the yield of buds 
and flowers, and although it showed an appreciably greater rate of shedding of buds, 
the increase in the final yield of boUs was also found to be significant. 

Fuller details of the experiment will be published by Mr. Joshi himself in due 
course. 

REFERENCE. 

-Mahalanobia, P, C. (1933). Ind. J. Agric. Set. S, 131. 
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A nalysis of variance, 
(/) Ends. 


Standard error of difference in means==32'96. 


( 2 ) Flowers. 


standard error of difference in means « 22*24. 


Standard error of difference in means=3*20. 


Variation due to 

». P. 

Sum of 
squares 

Mean square 

. 

5 per cent. 

(^1=2, %~60) 

Manures ' • . , , . ■ 

■Eesidiml 'errors . ■ , . ' 

Total 

■ 2 

:■ m 

204,419 

608,688 

813,007 

102,210 

10,807 

^ 1-1207 

•0J38 


Variation due to 

D. F. 

Sum of 
squares 

Mean square 

1 

5 per cent, 

(%i=2, %»60) 

Manures . • • • 

2 

15,438 

7,719-0 

[ -2216 

■ . 

•5738 

Residual errors , 

56 

276,950 

, 1 

4,945-5 

3 


Total 


292,388 





Variation due to 

R. F. 

Sum of 
squares 

Mean square 


5 per cent. 

(%=s=2, ?Jg«60) 

Manures , . . . 

Residual errors 

■ 2 

' 

684*69 

6,109-29 

342-36 

109-09 

[ 

1 ;6718 

*5738 

Total 

1 ' 

6,793*98 
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squares 


[4) Flowers : Buds 


5 per cent. 


Sum of 


Yanatiion due to 


Mean square 


Standard error of difference in nieansa=*93. 


(o) Bolls : Flowers. 


6 per cent 


Sum of 


Variation due to 


Mean square 


squares 


(%« 2 , 


Manures , 
Eesidual errors 


111*13 


55*57 


4185 


*5738 


1,347*86 


24*06 


1,458*99 


Manures , 
Eesidual errors 


6,032*55 


Standard error of difference in inean8«3*00. 

(5) BoUs : B%ids. 


Variation due to 


Manures 
Eesidual errors 


952*53 


476*27 

91*46 


B. F. 


*5738 


Sum of 
squares 

Mean square 

z 

1 5 par cent. 

(%=2, »!j=60) 

108*21 

1 64*11 

} -9179 

i 

*5738 

483*40 

8*63 

3 


591*61 

■ i 




Standard error of difference in nieansa»l*56, 
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•THE EFFECT OF DIFFEEENT DOSES OF NITEOGEN ON THE BATE 
OF SHEDDING OF BUDS, FLOWEES AND BOLLS 
IN THE COTTON PLANT IN SUEAT. 


P. C. MAHALANOBIS and SUBBINDU SEKHAE BOSE, Statistical Lalmaimy, 

Presidency College, CahuUa. 


(Eeoeived for publication on 3rd October 1932.) 


1. Mr. K. V. Joshi* of the Cotton Research Laboratory, Snrat, sent us the 
results (reproduced in Appendix I) of certain experiments on the cotton plant 
conducted by him in 1930-31. The object of the experiment was to study the 
effect of applying different doses of nitrogen. There were altogether 3 plots each 
consisting of 10 plants. One plot was left unmanured to serve as control. One 
plot was treated with 40 lbs. of nitrogen per acre, and the other plot with 100 lbs. 
of nitrogen per acre applied in the form of ammonium sulphate. 

If we concentrate our attention on the mean yield we may use Fisher’s method 
of analysis of variance for disentangling the different factors. A full discussion of 
the results is given below. The value of z is obtained in each case by dividing the 
variance to be tested by the residual variance and taMng half the natural 
logarithms. That is 


where Vq is the residual variance. The critical values of (either on the basis of 6 
per cent, or one per cent, probabilities) have been taken from Fisher’s Table VI 
(Statistical Methods lor Research Workers, 1930, 212-213). 


♦Full dstails of the experiments will be pnblislied by Mr. Joshi himself in due course. The 
present note is intended to offer a few suggestkmB regarding the statistical methods which would be 
found appropriate m such problems. 
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2. The analysis for the number of buds under different treatments is given 
in Tables I and II. 


Table I. 

{Nmnl)pr ofbndu). 






Value of 2 ' 

Comparisons 


Sum of squares 

Mean square 

Observed 

5 per cent,' 

Hitrogen w. no nitrogen . 

1 

206,995-5 

296,906*6 

1 - 08.56 

0*7206. 

Boses of nitrogen . - 

1 

49,4-76*6 

40,476*6 

1*1882 : 

0*7205, 

Total 

2 

346, 47M 




Besidnal 

1 

26 

876 , 740-7 

33,875*0 



Total • 

28 

1,223,211*8 





Table II. 

{Number of buds). 







i ' ■ , 

Difference from 

Comparisons 




No, of buds 

Control 

40 lbs. nitrogen 

Ko manure * 

• • 

, 

. 


434*3 


—164*5' 

40 lbs. nitrogen • 

* • ♦ 

. 

• 

. 

508*8 

■ 


100 lbs. nitrogen . 

' . • 


• 

• 

701*0 

+266*7, 

' ■ +102*2 ■ 


Standard error of difference in means=83*3. 


The response due to the application of nitrogen is significant^ hut the differ- 
ential response due to an increased dose of nitrogen is inappreciable. 






Value of z 


Comparisons 


Expected 
(5 per cent.) 


Observed 


0*7205 

0*7205 


1*6388 

0*9989 


Kitrogen vs. no nitrogen 
Different doses of nitrogen 

Treatment • 

Error • . . 

Total 


Table IV. 

{Number of flowers). 
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3. The analysis for the number of flowers is given in Tables III and IV. 

Table III. 

{Number of powers). 


Comparisons 

Mean number of 
flowers 

Difference from 

Control 40 lbs. nitrogen 

No manure . . . . 

111*8 

■ — 

—76*2 

40 lbs. nitrogen . . • * . 

188*0 

+76-2 

■■ — 

100 lbs. nitrogen . • * * • 

254*9 

+ 143*1 

+66*9 


Both the doses of nitrogen have significantly increased the number of flowers 
per plant ; the additional dose of nitrogen is also effective in further stimulating the 
formation of flowers from buds. 


Standard error of difference in means— 23*91. 
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4. The analysis for boEs is given in Tables V and VI. 


Table V. 

{Number af bolls). 






Value of 2 ! 

OomparisoM 

D. F. 

Sum of squares ! 

Mean variance 

Observed 

5 per cent. 

Nitrogen w. no nitrogen. 

1 

8,545 

8,545 

1*7130 

„ , 0*7205, ; 

Different doses of nitrogen 

1 

1,882 

1,832 

0*9428 

0*7205 ■ „ 

Treatment . , 

2 

10,377 

5,189 



Error . , 

26 

7,222 

278 



Total 

28 

17,599 





Standard error of difference in means =7*46. 


Table VI. 

{Number of boUs). 



Mean numboi of 
bolls 

Difference from 

Comparisons 

Control 

40 lbs. nitrogen 

Control 

36*2 

— , 

26*8; ■ : 

40 lbs. nitrogen . . . . . 

63*0 

+26-8 

■ — 

100 lbs. nitrogen < • * • 

82*6 

+46-4 



Standard error of tli© diffexenoe in rn6ans===7*45* 


The efficacy of nitrogen is definitely established. Moreover, the additional 
60 lbs. of nitrogen too is found to increase the number of bolls quite appreciably. 
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5. We may now consider the effect of nitrogen, on the rates of shedd ing. 

The analysis of the percentage success of buds developing into flowers is given 
in Tables VII and VIIL 

Table VII. 


{Flowers : Buds). 






Value of 2 

Comparisons 

D. F. 

i 

Sum of squares 

Mean variance 

Observed 

6 per cent. 

Nitrogen vs, no nitrogen. 

1 

104-91 

104-91 

0*7849 1 

0-7205 

Different doses of nitrogen 

1 

99-32 

99*32 

0-7576 ! 

0-7205 

Treatment • • . 

2 

204-23 

102-12 



Error . . . . 

26 

567*88 

21-83 



Total 

28 

772-11 





Table VIII. 


{Flowers: Buds). 



Mean proportion of 
flowers: buds 

1 Difference from 

Comparisons 

Control 

40 lbs. nitrogen 

No manure \ , , . . • 

25*7 


--6*7 

40 lbs. nitrogen . . . . 

31*4 

4-5*7 

, _ , 

100 lbs. nitrogen . • • . 

36*3 

+10-6 

+4-9 


Standard error of the difEerenoe'in means=2‘08. 


The application of nitrogen is associated with a significant increase in the 
percentage success of buds growing into flowers. The additional dose of nitrogen 
too is effective in diminishing the rate of shedding of buds. 
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6. The analysis of the percentage success of flowers developing into bolls is 
given in Tables IX and X. 

Table IX. 


{Bolk: Flowers), 



The residual mean variance is larger than that due to treatment, which at once 
indicates that the treatments are ineffective in diminishing the rate of shedding of 
flowers before the boll stage. 


Table X. 
{BoUs; FUnms). 



Mean propor- 

Difference from 

Comparisons 

tion of bolls ; 
flowers 

Control ! 

4011b. 

nitrogen 

Goniirol . • . . . . • 

32-a 

.* 

— 

40 lbs* niferogen . • ^ • • • * • » 

33-5 

+D2 



32-6 



1 Standard error of difference in means=l*20. 

The differemees are all statistically Begligible. Thus idtrogeii has iio 

effect on 

the rate of shedding of flowers. 

i'.'; - 

Hi': ' 












Mean 

variance 


Observed 


STATISTICAL HOTBJS tOR AGBIOOLTURAL WORKERS, NO. 8 


7. The analysis of the percentage snccess of buds developing into boUs is given 
in Tables XI and 2 lII. 

Table XL 
{Bolls : Buds). 


Comparisons 

Nitrogen versus no nitrogen 
Different doses of nitrogen 

Treatment 

Error , , . . . 


Comparisons 


value of z 


46*77 46*77 


8*42 8*42 


55*19 27*59 


Table XII. 
{Bolls: Buds) 


Mean propor- 
tion cf bolls ; 
buds 


Difference from 

Coatrol 1 1°^ 


40 lbs. 
nitrogen 


8*66 —2*04 
10*60 -i-2*04 

11*93 +3*37 +1-33 


Standard error of difference in means— 0*37. 


Apparently nitrogen has some effect on tlie percentage success of buds develop- 
ing into bolls, and there is a response due to the increased dose of nitrogen. 















ABSTRACT 


A new methodi of determining day content of soils by moisture absorption at 70 per 
cent, humidity.* Amab Nath Poei, Soil Scienoe 33, No. 6, June, 1932. 

Moisture from the vapour phase may he ahsorhed hy soils in three ways. It may enter into 
loose chemical combination and exist as water of hydration, it may he taken up in the minute 
capillaries on the surface of individual particles, or it may iill up the interstitial spaces between the 
aggregates of various particles. The vapour pressure curve for soils could he split up into three por- 
tions, the portion of the vapour pressure curve below 10 per cent* humidity representing 
water of hydration, that between 10-70 per cent, humidity capillary absorbed water and that above 
7(V per cent, interstitial water. Water of hydration will depend on the constitutional nature of soil 
colloids, the capillary ahsoihed water on the extent of the surface area and interstitial water on the 
state of aggregation. It is claimed that the correctness of this hypothesis in the cases of capillary 
absorbed water is shown by the fact that this moisture is correlated with the total clay content. 
In the case of interstitial water it is supported hy the fact that there is an independent method of 
determining the state of aggregation of the soil particles, e,, the measurement of the Dispersion 
Coefficient, and it is seen that soils in general show a positive correlation between interstitial water 
per unit surface and Dispersion Coefficient. The correlation coefficient for 57 soils examined in 
this investigation, worked out to be 0*765, which is highly significant. 

A sharp distinction between the three forms of hygroscopic moisture is not possible by the 
very nature of things. Dor one thing there are no sharp breaks in the vapour pressure curve ; but 
from an examination of these curves it may he safely stated that fixing 10-70 per cent, humidity 
limits, will eventually help in elucidating the mechanism of moisture absorption much better than 
the simpler couoeption of ths hygroscopic moisture as a uniform film of water round the soil parti- 
cles. 

It is claimed that the clay (0*001 m. m.) content of a soil can he estimated from moisture 
absorption between 10-70 per cent, humidity with a fair amount of accuracy, hy the help of the 
following empirical formulae, (i). Clay == 8*04 H -h 1*02 and (ii) Clay = 8-41 H' -h 2*8 where 
H and H' are hygroscopioity values when the equilibrium is reached by drying and wetting res- 
pectively. 

* This work was brought to completion by the help of a grant from the Imperial Connefl of Agri- 
cultural Research and the writer takes this opportunity of recording his indebtedness to the Gouncil. 
Aoknowledgments are also due to the Department of Agriculture, Punjab, for the loan of apparatus 
and other facilities for work. 
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ORIGINAL ARTICLES 


THE INTAKE OF NITROGEN BY THE RICE PLANT (ORYZA 

SATIVA L.) 

■ BY ■ ■ 

R. H. DASTUR, M.Sc., FX.S., 

AND 

T. J. MALKANL 

BofMny Department y Royal InstUuie of Sciencey Bombay. 

(Keceived for publication on 31st August 1932) 

(With four text-figures) 

The iiitahe of nitrogen by the rice plant has been a subject of investigation for 
the last fifty years. Kellner [1884] was perhaps the first to condtict water-culture 
experiments on lowland rice to determine the form of nitrogen in which the rice 
plant thrives best. He found that the rice plant needed ammoniacal nitrogen during 
the early stages and nitrate nitrogen in the later stages of growth. Nagaoka [1904] 
also, as a result of a large series of plot and pot-culture experiments, showed that in 
ammonium sulphate the rice plant made better growth than in the nitrate sairs. 
Nagaoka [1903, 1906] attributed the inability of the rice plant to make use of 
nitrate nitrogen to the deficiency of sugar in leaves to convert nitrates into pro- 
teins. The conclusion of Kellner [1884] and .Nagaoka [1904] were confirmed by 
Daikuhara [1905] who also found ammonium sulphate a better fertilizer than 
sodium nitrate. Similar results were also obtained by Aso and Bahadur [1906], by 
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Krauss [1907] and l>y Trclease and Paulino [1920], Kelley [1911] also established 
the superiority of ammonium sulphate as a fertilizer over other nitrate salts by 
means of field and pot-culture experiments. He also showed that the application 
of nramonium sulphate before planting resulted in better growth tliaii when applied 
at short intervals during the culture period, while manuring with nitrate at flower- 
ing stage ])TOved more beneficial than early manuring with the same salt. These 
findings were further snpi)orted by later work of Kelley [1914] who {Minductefl field 
experiments. Daikuhara and Imrseki [1907] also found that amiiionra sulphate 

was better than sodium nitrate or a combination of both, 

W. H. Harrison [1912] also found tha4 ammonium salts whi(fli yield 
under anaerobic conditions were suitable for the rice plant, while J. B. Harrison 
[1913] found that the ammoniimi sulphate brought about a decrease in yield. 

Es])ino [1920] studied the salt requirements of the young rice {hint by means 
of a large series of pot-culture experiments and he used three diilorent types of 
solutions. As the effect of ammonium ion had to be studied, lie could not use 3- 
salt solution of Shive [1915], but had to use a four-salt type of solution as otlier three 
kations are equally imi)ortant. He found the best growth in a solution containing 
monopotassium phosphate, calcium nitrate, ammoniiun sulphate and magnesium 
sulphate of about '002 M per litre with an osmotic concentration of about *08 
atmosphere. The results indicate that the rice plants require both ammonium and 
nitrate ions. 

Trelease [1920] in his study on the growth of rice in relation to the different 
proportions of fertilizer salts found that ammonium sulphate brought about a 
marked improvement in the growth of the rice plant while calcium phosphate or 
potassium sulphate had no influence upon the plants. 

Numerous explanations have been proposed to explain the fact that some 
plants like rice respond better to ammoniacal nitrogen than to nitrate nitrogen. 
Willis and Carrers [1923] suggest that superiority of ammonium ion over nitrates 
for the rice plants is based on the toxic influence on the plants of the basic residues 
of nitrate salts. Calcium nitrate is as suitable as ammonium sulphate if the un- 
assimilated residue of calcium nitrate does not interfere with the absorption of iron. 
Kinoshita [18944897] on the other hand thinks that ammonium salts are rapidly 
converted into aaparagin while nitrates tend to accumulate and fail to increase the 
amount of asparagin. 

It is also determined by water-culture cm pot-culture experiments which con- 
centration of the different salts is most beiUMal to the growth of the rice plant. 

In all the work done on the salt requirements of the rice plant the absorption 
of the essential elements by the rice plant is determined by finding out the chemical 
composition of the plant at different stages of growth, and the importance of a 
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particular elemeut in tbe nutrition of the plant is determined by the resultant 
growth or by the yield of grain when that particular element is added to the culture 
solution. Gericke [1930] has recently shown that the actual salt requirement of the 
rice cannot be determined by growing plants to maturity in so-called complete nu- 
trient solutions. His results have shown that the amounts of salts absorbed, if they 
are available continually, are generally larger than are required for the growth 
shown by the plant. If the salt of a certain concentration is supplied to the plant 
during a certain period in the growth cycle, it is found adequate and a further 
supply is unnecessary. 

The above investigations, though so very important from the agricultural point 
of view, do not afiord quantitative data as to the intake of salt. The quantitative 
estimations of the .salts taken up by the rice jdant from the known concen- 
trations of external solutions are necessary for an analysis of the complex and 
little-understood phenomenon of the intake of salts and to formulate general laws 
showing the relations of electrolytes to living tissues. 

In the earlier work on the entry of solutes in plant cells it was assumed that 
the plants absorbed salts as such, but the recent investigations have shown that 
the above assumption is erroneous, at least in some cases, and the two ions of a 
salt are absorbed unequally. Meurer [1909] made direct observations on the 
intake of different ions of a salt by plant tissues like that of carrots and beet roots 
and showed that with carrot the kations of chlorides are absorbed to a greater 
extent than the chlorine ions, while with the beet the differences in the absorption 
of the two ions are still greater. The same author showed that the unequal 
absorption took place in the living tissues and not in the dead tissues. Pantanelli 
and Sella [ 1909 ] studied the unequal absorption of ions by Ckiovrhila pefo iiom 
culture solutions of different concentrations and the results show that anion was 
absorbed in excess of the kation. PantaneUi [1916] then extended his observa- 
tions to a number of other sj)ecies and found that the unequal absorption of ions 
was of a general occurrence. The imequal absorption of ions from a solution of 
calcium chloride by PMwm and Zea Mays was shown by Redfem [1922 ] 

and she found that the unequality of absorption of the two ions decieased as the 
concentration of the solution was decreased. 

The unequal absorption of the two ions from a salt solution leads to other 
changes in external solution. The absorption of an excess of one ion into the plant 
cannot take place without replacement qf the excess with an equal quantity of 
another ion carrying the same char^|fe the chloride ion is absorbed in excess 
of potassium ion from a solution of potassium chloride, an equal quantity of other 
ion carrying the same charge as the chloride ion must take its place. Either the 
hydroxyl ion derived from the solvent appears to replace the excess of chloride 
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ion. absorbed or an eqiiivaleiitr qiiantity of some negatively charged ion diffuses 
out from the plant. If the former is the case it is assumed that the liberated 
hydrogen-ion of the solvent is absorbed by the plant along with the excess 
of chloride ion. Thus the unequal absorption of an ion of a salt would render 
the solution alkaline in this particular case. The solution would become acidic 
if the potassium ion absorbed is in excess of the chloride ion as the hydrogen ion 
liberated from the solvent will replace the excess of the kations absorbed. In 
the second case the external solution will remain the same as the excess of an ion 
absorbed is replaced by exosmosis of ions carrying the same charge. The latter 
was the case in the experiments performed by Redfern [ 1922 ] when the diffusion 
of potassium and magnesium took place from the roots. 

It was also formerly believed that the passage of clissolved substances in 
Miition into plant cells continued to take place until the concentration outside 
and inside the plant became equal. But Pfeffer [1900, 1903 ] showed that the 
concentration of a substance inside a cell remained greater or less than its con- 
centration outside the cell. The position of equilibrium attained m the passage 
of dissolved salts may vary with different substances and in different species. 
In order to determine the point of equilibrium it is necessary to determine the 
final internal concentration and the final external concentration of a salt when 
further intake of the salts ceases. This is termed absorption ratio by Stiles and 
Kidd [ 1919 ]. The absorption ratios for a number of salts and dyes in solution 
of difierent stiengths are determined by Stiles and Kidd [ 1919 ] and other 
workers. They found that a plant cannot absorb chlorides of potassium, sodium 
and calcium in all concentraiions and the absorption is in the beginning pro- 
portional to the concentration of the solution outside but later the same relations 
between the internal and external concentrations are not maintained. With low 
concentration the absorption ratio is more than unity, but with increasing concen- 
tration it diminishes. 

The relation between the final internal concentration j/ and the final external 
concentration c is given by the equation y = h where h and m are constants. 

The position of equilibrium is also dependent upon the nature of the absorbed 
salt. Basic dyes are absorbed to a greater extent than the acid dyes. If the acid 
radical is the same, the salts are absorbed in the order K*, Na*, Li*, (Ca**, Mg**), Ak**, 
while if the basic radical is the same the salts are absorbed in the order NOg', Ck, 
SO/." 

The absorption of a salt is also greatly influenced by the presence or absence 
of another salt in the external solution. It was shown by Brenchley [1910, 1914], 
Stiles and Jorgensen [1914] that a second substance dissolved in a solution reduces 
the harmful effect of another substance and this is probably due to the hindrance 
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of the substance/ agam^^ aiiotiier. Such cases of fmtagonism between moiiovaleEti 
and divalent kations are well-known and a large amount of literature has been pro- 
duced on the subject by the work of Loeb [1897, 1900, 1901, 1902, 1905, 1906], 
Osterhout [1906], Brenner [1920] and others. 

The intake of salts by the rice plant has not been studied from the above-men- 
tioned points of view and the study of the intake of salts like ammonium salts and 
nitrates would prove of great value. The determination of absorptioii ratio for tlie 
essential salts in different concentrations of the salt would prove important as it 
woiild be possible to determine the best concentration of the salt which would be 
both adequate and economical. It would also be interesting to study the absorp- 
tion ratio of a salt wlieii supplied singly and when supplied in presence of other salts 
and whetlier the presence of other salts alters its absorption ratio or not. 

The experimental work on the intake of salts can be done in two ways. In 
one case isolated cells or tissues of known volume are taken for experiment. The 
tissues are kept in a known volume of a solution of known concentration and the 
change in the electrical conductivity of the external liquid is measured after immer- 
sion. In this way the change in ionic concentration of the extei-nal soiution could 
be known. In other cases the change in the external solution is measured by direct 
chemical analysis. In the second method the whole living plant is kept in a water- 
culture solution. The second method is generally used for determining the relation- 
ship between the composition of the culture solution and the growth of the plant, 
and is not used for obtaining data for the intake of salts as is proposed to do in this 
investigation. 

For the purpose of the invevstigation the first method is not suitable as it is 
undertaken to determine the intake of salts by the whole living plant as isolated 
strips of tissues of the roots would not yield reliable results. Secondly the external 
solution is analysed by chemical methods and not by a change in the electrical 
conductivity of external liquids as the latter would not give any information regard- 
ing the relative absorption of the two ions of a salt dissolved in the solution. 

Investigation. 

The rice plants used in this investigation are either grown in culture solution 
from the very beginning of the germination of the seeds or taken from the experi- 
mental beds at different stages and kept in culture solutions. For the earlier stages 
of growth generally the rice plants grown in culture solutions from the beginning of 
germination are used, while for the advanced stages the plants from the beds are 
also used. The plants removed from the beds grow healthy and normally in culture 
solution and do not suffer from the transference from the soil to glass jars contain- 
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in-T ths culture solutiou. It was also possible to grow plants in culture solution 
from the germination, stage upto the flowering stage but tbe vigour of the plant is 
not the same as those grown in the soil. For successful water culture experiments 
it is necessary to put the seedlings in culture solution on the fifth or sixth day after 
germination in saw-dust. 

It is also necessary to keep the culture jars buried in saw-dust or sou in a wooden 
box so that only the mouths of the culture jars project above the surface. It is 
found in practice that the growth of the seedlings in culture jars thus embedded in 
soil or saw-dust is better than if they are not embedded but made only dark by cover- 
ing with black paint or paper. Embedding serves two purposes, firstly it keeps the 
temperature of the solution low at mid-days and secondly it completely cuts ofi the 

light from reaching the roots. _ _ . 

In the beginning the culture experiments proved a failure as the plants would 
not grow. All the unsuccessful attempts are not described here. It was after a 
great deal of experience that the plants could be grown by the water-culture 

method. . i , x t 

It was first undertaken to study the intake of ammonium sulphate by the ger- 
minating seeds as it is now known that a dose of ammonium sulphate in the seed- 
ling stage is found helpful for healthy growth. Though ammonium sulphate is known 
for its value as a fertilizer, no quantitative data exist about its intake by the plants 
in the early stages. It would be of interest to determine the amount of the two 
ions taken up by the seedlings from a known concentration of the solution. Seeds 
were sown in saw-dust and on the ninth day after sowing thirty-six seedlings 
apparently of the same size and vigour of growth were placed in '002 N ammonium 
sulphate solution. Ten such sets of experiments were started on the same day. 
Sets were kept buried in moist sand, in order to keep the temperature low, and also 
to prevent sunlight reaching the roots. All the precautions necessary for the culture 
experiments were taken specially against the attacks of fungi and from the pressure 
of cotton wool on the side of seedlings which was used for their support. The 
original '002 N ammonium sulphate solution was estimated for SO/ and NH 4 - ions. 
SO/’ was estimated as barium sulphate by gravimetric method given by Gumming 
and Kay [1928] in Quantitative Chemical Analysis. Necessary precautions 
were ' taken as recommended by Gumming and Kay [1928]. Precautions as 

recommended by Sutton [1876], and by Treadwell and Hall [1913] and by Skinner, 

and others [1930] were taken for estimating ammonia. The ammonium sulphate was 
recrystallised several times before use. The ammonium sulphate solution was 
estimated for hTHi- and SO/ ions every twenty-four hours after the plants were 

placed in the culture jars so that the quantities of the two ions absorbed by the 
plants after they had remained in the solution for a period of one day to ten days 
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coHld be known. 1000 c.c. of 0*002 N ammonium sulphate solution was kept in 
each culture vessel The results are given below 


Table I. 

Daily absorption of NH^' and /SO/ ions by the rioe seedlings from 0^002 fE 

80^ for ten days. 


Ago of the seedlings 
in days 

Number 
of days 
in solution 

Absorbed amount in grins. 

Percentage of absorbed 
amount 

SO/ 

NH 4 * 

SO/ 

nh^* 

: , ;8«9' ■' ■ . . . , * ' • 

1 

0*0029 

0*0018 

3*0 

5*0 

840 . . . . . 

2 

0*0040 

0*0029 

4*2 

8*0 

841 . . ... 

3 

I 

0*0067 

0-0047 

7*0 

13-0 

842 . ■ . 

4 

0*0081 

0*0058 

8*4 

16*0 

843 . . • 

6 

0*0106 

0*0072 

11*0 

i 

20*0 

844 . • 

6 

0*0119 

0*0083 

12-4 

23*0 

845 . . . . . 

7 

0*0139 

0*0097 

14*5 

27*0 

846 . 

8 

0*0154 

0*0112 

16-0 

31*0 

847 ■ . 

9 

0*0159 

0*0117 

11*5 

32*5 

848 . . . 

10 

0*0159 

0-0118 

16*5 

32*5 


The results show many features of interest. The NH^* and SO/ ions are 
absorbed in unequal amounts. The former is absorbed to a greater extent than the 
latter as the ratio by weight of SO/ to NH^* in ammonium sulphate molecule is 
2*6:1. This unequal absorption of the ions is maintained for all the ten days the 


■ a 
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plants are kept in solution. After eiglit days tke quantities of the two ions 
absorhed do not increase showing that the absorption of the two ions completely 
stops after nine days. 

The fall in the absorption of the two ions of the salts is accompanied by a fall 
in the absorption of water as the following measurements of the volume of culture 
solution in the 10 jars before estimation were made. 1000 c.c of solution w'ere used 
in all the ten culture jars. 

Table II. 

The amounfs of water absorhed hy the rice seedlings from 0'002 N SO^.. 


No. of dayfs in solution 


Initial 

volume 

taken 


Volume of the 
remaining 

(NH4)2 SO4 solution 


c.c. 


c.c. 


The amouni 
of wal er 
absorbed 


c.c. 


1 




.‘5 




1000 


1000 


1000 


1000 


1000 


1000 


1000 


1000 


1000 


985 


976 


961 


952 


040 


931 


918 


908 


904 


15 


24 


39 


48 , 


60 


69 


82 


92 


96 


1 


10 


1000 


900 


100 












Percentage absorption of 

so/ I NHj- 

3 


The figures indicate that the quantity of water absorbed is clearly related to 
the quantities of ions absorbed on each day. 12 to 15 c.c. of water are absorbed 
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The absorption of water nearly stops after the absorption of ion ceases. This 
point becomes clear if the daily quantities of the absorbed ions and water are 
obtained by subtracting the upper volumes from the ones next below in Tables I 
and. II. 

Table III. 

lielcdkm^ of NE{ and SOf ions and the an^ount of water 

absorbed by the rice seedhngs from 0*002 N 
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when 2'8 per cent, of SO/ and 5 per cent, of the NH^ ions are absorbed. The 
quantity of water absorbed is 4 c.c. when the absorption of the ion ceases altogether. 

In a second series of experiments the rice seedlings after germination were kept 
in ammonium sulphate of different concentrations varying from O’OOBiV to O’OOlliV 
and each solution was analysed for the NH^ and SO/ ions after eight days. The 
results obtained would give the relative absorption of the two ions in different 
concentrations of the external solution. 


Table IV. 

The absorption of NH^ and SO/ from (VH/2^04 solutions of the different concen- 
trations bp the rice seedlings. 


* strength, of 
(NH,), SOi 

Absorption of 
S04^ 
in grams 

Absorption of 
ISIH^* 
in grams 

Percentage 
absorption of 
vSO/ 

Percentage 
; absorption of 

Batio of SO/ 3 
NH 4 * 
absorbed 

N 

200 

0-0503 

00190 

20*9 

i 

1 

21*1 

2-60 : 1 

N ■ 

300 ’' 

0-0446 

0*0180 

1 

27*8 

■ 

29*9 

2*40 : 1 

N 

400 

0-0244 

0-0138 

20*3 

30-6 

1 * 70:1 

N \ 

500 



16*7 

32*2 

1-30 : 1 

600 

0*0115 

0*0098 

14*3 

32-0 

MO : 1 

^ ■ 

700 



13*4 

34-2 

1-00 : 1 

N 

800 

0*0055 

0*0085 

9*1 

37*8 

0 * 64 ; 1 

N ' 

900 

0*0045 


8*4 

42*0 

0*53 : 1 


* The strength of the different solutions used in this investigation are given in the tables in the 
fractions of normality and not in decimals for the sake of clarity as the diferenees in strengths if 
stated in decimals will he very small and not be correctly indicated. 
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The results show that the amounts of sulphate and ammonium ions absorbed 
by the seedlings decrease as the concentration of ammonium sulphate solution is 
decreased. But if the results are calculated as percentages of the total quantities 
of NH 4 and SO/ ions present in each solution of ammonium sulphate, it is seen that 
the percentage of SO/ ions absorbed decreases and the percentage of NH^ ions 
absorbed increases as the concentration of the ammonium sulphate decreases. It is 
therefore evident that the two ions, and SO 4 ", are not absorbed in the same 
proportion as they are present in the molecule of ammonium sulphate. The 
results showing the proportion of the NHi' ion to the SO/ ion absorbed from each 

solution of ammonium sulphate are also given above. 

There is unequal absorption of SO/ and ions from the solution of ammo- 
nium sulphate of lower concentration than 0-006iV. There is equal absorption of 
the two ions in O'OOSi^ ammonium sulphate solution and then the absorption of 

SO/ is less in proportion to the NH 4 " ion absorbed. 


It may also be mentioned that the seedlings apparently did not thrive in the 
solution of lower concentrations than 0-C026iV as well as in other solutions. In the 
above set of experiments with solutions of different concentrations, the seedlings 
are kept for eight days. The period of eight days for keeping plants in each 
solution was chosen as estimations of the ions absorbed from 0 -C 02 A' solution of 
ammonium sulphate by the seedlings showed that after eight days the absorption 
of the ion was practically very little, and the point of . equilibrium was reached 
between external solution and the internal concentration of the salt and the further 
intake of salts had stopped. So henceforth in all the experiments mentioned below 
the plants or the seedlings were kept for eight days in each solution after which 
the external solution was analysed. 




It would also be possible from the results obtained to calculate the absorption 
ratio for the tw'o ions of ammonium sulphate. The final external concentration of | 

the solution could be determined by the amount of each ion present in the external | 

solution after eight days and the final volume of the solution. The internal con- j 

centration of the ions could be calculated from the amount of ions absorbed aqd | 

the volume of the seedlings. The total volume of the seedlings was determined in j 

each set of experiments. The volume varied from 25 c.c. to 28 c.c. The amount j 

of the salt in the same volume of the plant body as the volume of external solution 
is calculated in order to compare the two. The external and internal eoncentra- i 

tions are given in the following tables as the quantities of ions present in equal | 
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volumes and the absorption ratio are calcubted by dividing the final internal con- 
centration (^) by the final external concentration (c). 


Table V. 

Absorption ratwsfor SO/ ions from digerent concmMions of (2Vi?4)2 80^ for the rice 

seedlings {8-15 days old). 


strength of the 
(NHJa SO 4 solution 

Final external concen- 
tration of SO 4 ''' 
solution 

Final internal concen- 
tration of SO/ 

A-bsorption ratio 

" N, . • ' 

200 

0-1897 

1*6590 

■8*7'-"''' 

■ N , 

~”"^0 

0-1155 

1*4270 

12*3 

N 

400 

0*0957 

0*8050 

,8*4 ■■ 

N 

- -- 

0*0801 

0*5610 

7*0, " 

N 

600”' 

0*0680 

0-4210 

6*4 

N , ' 

700 

0*0594 

0*3220 

■ '5*9' , 

N 

800 

0*0546 

0*1925 

3*5 ■ 

■' N ■ 




900 

0*0488 

0*1576 

3*2 
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Table VI. 

Absorption ratios for NH^r ions from different coneentrations of {NH^f^SO^forthe 

seedlings {8-15 days). 


strength of the 
(NH4)2S0. 

Final external con- 
centration of 

NH*- 

Final internal con- 
centration of 

NH*- 

Absorption ratio 

, , N 

200 

0-0714 

0-627 

' , 9-7 

' N 

300 

0-0422 

0-576 

13-6 

N ■ ' 

”400 

0-0314 

0*455 

.^.14-4 ■■■ 

N 

, '"”""■'500 

0*0245 

1 

0*406 

16*5 

N 

600 

0-0210 

0-343 

16-3 

N 

" 700 

0-0170 

C-308 

17-5 

N 

800 

0-0141 

0-297 

21-0 

N 

" ,| 



soo 

0*0117 

0-294 

25*9 


■ The absorption ratios for the SO/ ions are all different for the different con- 

; centrations of the ammonium sulphate solution and the position of equilibrium 

attained, when no further intake of the ion takes place, varies according to the con- 
centration of. the solution. The greater absorption ratio for the sulphate ion is 
obtained in O'OOSSiV ammonium sulphate solution. At higher or lower concentra- 
tions of the solution of ammonium sulphate than 0‘0033V the values of the 
absorption ratios for the SO/ ions fall. 

The case is different for the absorption of ions. The values of the 


absorption ratio continue to increase as the concentration o£ the ammonium 
sulphate decreases. 
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ions were also calculated in the same manner for each period of 24 hours after the 
plants were placed in 0-002iV^ ammonium sulphate solution for 24 hours to note the 
daily changes in values of the absorption ratios. The results are given below. 

Table VII. 

Daily change in the absorption ratio of 80 f ions in 0'0028i {NHf )2 solution. 


Time of immersion 
in cultnrej in 
hours 

Final external con- 
centration of 
ions (c) 

Final internal con- 
centration of SO/ 
ion (y) 

y 

Absorption ratio 

U . ... 

00932 

0-0928 

0*99 

48 . . . ; 

0*0921 

0‘1300 

1-40 

n . . . . 

00894 

0*2140 

. 2*40 

96 . . . . 

0-0880 

0*2690 

2-90 

120 . . . . 

0*0866 

0-3290 

3*90 

144 . . . . 

0*0842 

0*3680 

4*40 

1 na 



rf«in 


108 . 


0-0822 


0-4300 


6-10 
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Table VIII, 


Daily chan ges in the absorption ratios of NE,: for rice seedlings in 0^002^1 

{NH ^^80 ^solution. 


Time of im- 
mersion in 
culture 

Final external concen- 
tration for NH 4 * 
ion (c) 

Final internal concen- 
tration for NH 4 * 
ion ( 2 /) 

Absorption ratio ^ 

Hours 




24 

0*0342 

0*0576 

1*7 

48 

0-0331 

0-0942 

2-8 

72 

0-3130 

0-1500 

4*8 

90 

0*3020 

0*1860 

6-1 

120 

■ i 

0*2860 

0-2230 

7*7 

144 

0-2770 

0-2670 

9*2 

168 

0*2630 

0-2960 

11*2 

192 

0-2480 

0-3360 

13*5 

216 

0-2430 

0*3610 

14*4 

240 

0-2430 

0*3510 

14-4 


The results show that there is no change in the absorption ratios of the two 
ions after eight days. It clearly shows that the points of equilibrium are finally 
reached on the 9th day. 

It was then undertaken to determine the absorption of nitrogen or nitrate ions 
by the plants. Seedlings of eight days old were kept in different strengths of 
potassium nitrate solution ranging- from 0*01 V to 0*001 but they aU withered 
away showing that pure solutions of the nitrate in these concentrations w#e not 


. -‘SJ' 
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suitable for the normal growth. Only 0'00 066iV^ to O'OOOSIV solution of potas- 
sium nitrate proved non-injurious to the plants and estimations of the absorption 
of the nitrate were made. 

Table IX. 


Quantity of NOf ion absorbed by the riee seedlings from KNO^ solutions. 


Strength, of the KNOg 

Amount of the NOg' 

Percentage of the NO 3 ' 

solution 

ion absorbed 

absorbed 

0'00066i\^ 

0*0018 grm. 


O-OOOSiV' 

0*0017 grm. 

5*48 


The quantity of NO3' ion absorbed is comparatively very little. was esti- 
mated according to the method given by Gumming and Kay [1928 ]. All the 

necessary precautions were taken as recommended by them. 

Experiments were then tried to see the course of absorption of SO/. 
NO3' ions from a solution containing ammonium sulphate and potassium nitrate. 
This would enable us to determine if the presence of NO3' ions in any way in- 
fluences the absorption of ini4 and SO/ ions and it would be also of interest to 
determine the position of equilibrium for the different ions and how the absorption 
ratios for one ion is influenced by the presence of other ions. Table X below gives 
the results of a set of experiments] with seedlings of the same age as before. 


Table X. 

Quantities of NOf, SOf' and NHt ions absorbed from a mixture of 
iNHi)2 80 1 and KNO^ solution. 


Strength of the solution 
in culture 

Percentage of NH** 
absorbed 

Percentage of SO/ 
absorbed 

1 Percentage of HO 3 ' 

1 absorbed 


28 

29 


0*00166JV^ SO4 . 




0*0005iV' KNO 3 . . . 

> 28 

28*9 

6*37 


The results in the above table as well as the results obtained with a set of 
other experiments to be described below show that the absorption of the KH,*, 
SO/ and NO3' ions is independent of each other. The presence of nitrates does 
not interfere with the absorption of KE,’ and SO/ ions. It is also noticed 
that nitrates in any concentration in presence of other salts are not injurious to rice 
seedlings as was found when used alone. 

Experiments were done with culture solutions containing the NH,', SO/ and 
HO3' ions, to see if the absorption of the three ions is independent of the presence 
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of foreign ions. These determinations are important as the further investigation of 
the intake of NH4V and NO3' ions dnring the life-time of the plant would greatly 
depend upon it. If the ions NOg' are absorbed independently of the presence 
of others it would then be possible to determine their absorjition at frequent intervals 
in the growth cycle of the plant by keeping them in culture solutions containing all 
the essential elements which are required for its normal growth* It is not possible 
to grow plants in healthy condition in solution of a single salt and it has been found 
to hold good for the rice plant. Three sets of culture solutions were prepared. 
The solutions were 4-salt solutions first used by Tottingham [ 1914 ] as it was not 
possible to use the 3-salt solution of Shive [ 1916 ] on account of the inclusion of 
ammonium ions. One culture solution in addition to other essential elements con- 
tained nitrogen in the form of nitrate. The second solution similarly contained 
nitrogen in the form of ammonium sulphate and the third solution contained nitro- 
gen both in the form of nitrate and ammonium sulphate. The 1st and 2nd solutions 
contained 

o-ooii^ KNO3 or 0-0015A' SO 4. 

0*0004iV^ MgS04, 0-00058iY CaSO^. 

D'OCllY KH2PO4 and 6 c.c. of 0’5 per cent. FeClg. 

The third culture solution contained, in addition to the three salts, *0005 Y 
potassium nitrate and *00075 Y ammonium sulphate. 

The strength of potassium nitrate and ammonium sulphate halved in the culture 
solution No. 3. The osmotic values of the solutions are given below 
1. Osmotic pressure of solution No. (1) ==0*0376 atm. 

n. „ „ „ „ „ (2)=0*0323 „ 


III. 


(3)=0*0360 


The rice plants used for the following experiments were transplanted seedlings 
removed from the soil and the rice seedlings grown in the normal culture solution 
from the very beginning of the germination of seedlings. A rice plant removed 
from the soil remained fresh and healthy till the end, and did not show signs of in- 
jury. The rice seedlings for these experiments were obtained from the Eice Ee- 
search Station at Karjat and transplanted on the 3rd July 1929 in the beds in the 
garden of the Institute. Ten plants were removed from the bed and kept in 10 jars 
containing difierent culture solutions on July 8, 1929. The plants were taKon 
out and kept in distilled water after every eight days for 24 hours. The volume of 
the plants was noted in each case. The quantities of NH4‘, SO4'' and NO3' ions 
absorbed after a plant had remained in the culture solution for eight days were 
determined. The same plant was transferred to distilled water for one day and 
then kept again in a fresh culture solution of the same type. This process was 
repeated ciglit times at regular intervals from 8th July to 30th October 1920, 
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In the case ot the rice seedlings grown from the very beginning in the" culture 
solution the same procedure as described above was adopted. The number of rice 
seedlings in each jar was twelve. The number was specially selected to make the 
volume of the twelve seedlings nearly equal to the volume of the one rice seedling 
taken from the bed as the size of the seedlings from the bed is much larger than the 
size of the seedling grown in the culture solution from the beginning of the germi- 
nation of the seed. This second set of experiment is, though not quite necessary 
as the experiments in the 1st set were done in triplicate, is done to see how the 
seedlings grown in culture solution from the beginning behave in comparison to the 
rice seedlings grown in the soil. 

In Table XI are given the quantities of NH^, SO/ and NOg' ions absorbed 
during the season by the rice plants transferred to the three culture solutions from 
the bed. The results are expressed in percentages of the ions present in the solu- 
tions. In all the results given below, the term ‘ rice plant ’ refers to the rice plants 
transferred to the culture solution in July from the soil and ‘ rice seedlings ’ refers 
to the rice plants grown in culture solution from the beginning of the germination. 

Table XL 

Percentage absorption of NHt, 80/ and NOf ions hy the rice plant from the 

three culture Solutions at different stages of growth. 

lIutioD 
I 

so/ 

1929 

21st July to 29tii July . . 8*2 17 

10th August to IStli Augusfe . 10’9 13 

2l8t August to 29th August , 14'8 11*9 

10th Septemhor to 18th September 19*7 9 

21st September to 29th September 22*9 9*9 

nth October to 19th October , 29*5 9*9 

21st October to 29th October . 19*6 7*8 

The study of the figures obtained for the absorption of the SO4" and NOg' 
ions from the three different culture solutions brings to light some facts not known 
before. If the figures are read in the horizontal line for each age of the plant, the 
percentage absorption of each of the three ions is practically the same in the three 
solutions. ,The -NT!** and SO/ ions a^^^^ in equal amounts from all the 

three solutions. 
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The same is the case for the percentage of the NO 3 ' ions absorbed from the 
culture solutions 1 and 3. The nitrate ion is absorbed in the least quantity in the 
early stages. The presence of nitrogen in the form of ion does not make 

any difference with the absorption of the nitrogen in the form of nitrate. 

The independent entry of the three ions is maintained f or all the stages of 
growth of the rice plant as could be seen from the results. 

The study of the figures in the vertical line indicate that the percentage absorp- 
tion of the ‘NH 4 ' and SO/ ions from the same three culture solutions begins to 
fall as the plant ages. For ions the percentage absorption falls from 28 
to 9*1. There is a slight increase in the absorption in September-October very 
probably during the reproductive period i,e., when the plant is flowering. 
Similarly there is a slight increase in the absorption of the SO/ ions during the 
same period. At the end of October the absorption of the SO/ falls to 7*8 per cent. 

With the NO 3 ' ions the case is the reverse of the NH 4 ‘ and SO/ ions. Here 
the percentage absorption increases as the plant ages and reaches its maximum of 
29*5 per cent, in the middle of October, This clearly shows that the nitrogen in 
the form of nitrates is more and more absorbed as the growth of the rice plant 
proceeds and at the flowering stage the maximum is reached. Then there is a big 
fall in the percentage absorption of the nitrate ions though it is still being taken in 
a good quantity. 

The results obtained for the seedlings grown in the culture solution from the 
beginning bring out the same facts about the relative absorption of the three ions. 

Table XII. 


Percmf^e absorption of and NOf ions by the rice seedlings from the 3 

mliure solutions at different stages of growth. 


Date 



Culture solution 

No. 3 


NO/ 

SO/ 

NH^* 

SO/ 

NO/ 

NH*' 

O 

02 

8tit to leth July 


28*9 

280 

28*4 

5*0 



ISth to Seth July- . 

8*0 

17*0 

23*9 

16*9 

8*0 


17*2 

8th to 16th August . , 

9-8 

13*0 

20*0 

12*9 

10*8 

20*0 

13*0 

19 th to 27th August • , , 

14:*1 

12*0 



15*3 

15*7 

12*0 

8th to 16th September . 

18-5 

9-0 

10*0 



10*2 

9*0 

19th to 27th September . 

22*8 

■ 

9*7 

14*1 

9*9 

IBi 

14*1 

9*9 

9th to 17th October , 

29*3 

10 

12-8 

10 

28*2 

12*6 

10 

19th to 27th October . . . 

1 19*5 

7*6 

9*2 

7-6 

19*5 

9*2 
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The results reveal the same facts and the same relationships which are dis- 
cussed above. 

In all the above-mentioned culture experiments the strengths of the ammo- 
nium sulphate and potassium nitrate are kept constant all throughout the series. 
It was considered of interest to study the absorption of the NH 4 ', NOj' and SO/ 
ions from pure solutions of ammonium sulphate and potassium nitrate of diflerent 
concentrations during each of the eight growth stages of the rice plant. These 
experiments would also determine whether the absorption of ammoniacal nitrogen 
decreases with age and of the nitrate nitrogen increases with age from pure solu- 
tions of ammonium sulphate and potassium nitrate as was found to be the case in 
the experiments described above. Concentrations of ammonium sulphate varying 
fromO'OObiV to O-OOlliV were used. Concentrations of potassium nitrate varying 
from 0'00066iV to O’OOMSiV^ were taken. 

The series of experiments were so arranged that each plant remained in the 
solution of a single salt for a week in rotation and at the end of the week it was 
transferred to a normal culture solution after a day in distilled water. This was 
necessary as the plants could not be successfully grown in pure solution of ammo- 
nium sulphate or potassium nitrate, so they were grown in culture solution and 
kept in single salt solution for a week when the estimation of the NHi' and SO/ 
ions absorbed by the plant at a particular stage of growth had to he made. For 
each stage of growth more than one concentration of ammonium sulphate and 
potassium nitrate were used. Similarly for diflerent concurrent stages of growth 
of the rice plant the same concentration of ammonium sulphate or potassium nitrate 
was also used. 

The results of the experiments with diflerent concentrations of ammonium 
sulphate at diflerent stages of growth of the rice plants and also of rice seedlings, 
are given in Tables XIII and XIV. Two important conclusions can be drawn 
from the study of the results. 

(l) The quantity of NH,' ions and SO,” ions absorbed from any one concentra- 
tion of ammonium sulphate decreases as the age advances. 

(2) The actual amounts of the two ions absorbed at any one stage of growth 
decreases as the concentration of ammonium sulphate solution is decreased but 
when the absorbed quantities are calculated as percentages of the initial quantities 
present in each solution there is an increase in the absorption of the two ions as the 
concentration decreases for any one stage of the plant. 

In the same Tables XIII and XIV the results of the quantities of NHi’ and 
SO 4 " ions absorbed are calculated as percentages of the initial quantities of the two 
ions present in each solution. The resBlts show that there is an increase in the 
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absorption of the two ions as the concentration is decreased for any one stage of 

growtli of the plant. 

The graphs showing the percentages of ahsorption of EH** and SO/ ions from 
the three cBltnre solntione at the snccesBive stages of growth are shown in Figs. 1 
and 2* 






Table XIIL 

Actual and percentage absorption of ions from 4) 2 ^ 0 4 by rice plant 



t Percentage 





Tablk XIV. 

Actual and percentage absorption of iotisfrotn {NH^ ^ SOt hy rice seedlings. 


)V 
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The graph showiDg the percentage absorption of NOg' ions from the three 
culture solutions at successive stages of growth is given in Pig. 3, 
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Table XV. 


Aetml and percentage alsorpiion of NO f ion from ENO^ hy rice plant. 


Strength of 

KNO3 

11th 
July to 
19th 
July 

16 days 

2Ist 

July to 
29th July 
30 days 

10th 
Aug. to 
18th Aug. 
45 days 

21st 

Aug. to 
29th Aug. 
60 days 

10th 
Sept, to 
IStii, Sept. 
75 days 

21st 
Sept, to 
29th Sept. ; 
90 days 

11th 

Oct. to 
I9th Oct. 
106 days 

N 

YGnu, 

' m * 

. • 

• # 


.. 


0-0222 

■ 7to 

i Percentage 

• # 

•• 

• » 

•• 

*• 

■ '.‘v ; 

26*05 


rGrm. 

• % » 

••• 

• • 


• • 

0*0136 

0*0220 

800 

1 Percentage 

•* 

... 

•• . 


, .. 

17*64 

28*40 

' N 

r Grm. 

««. 

• • 


, , 

0*0121 

0*0130 

0*0200 

900 

(percentage 


** 

•• 

•• 

17*66 

18*86 

^ 29*82 

N 

C Grm. 


1 

0*0046 

0-0068 

0*0093 

0*0118 

0*0130 

0-0199 

1000 

( Percentage 


7*42 

9*03 

16*00 

19*03 

20*96 

32*09 

N 

fGrm. 


.. 

• • I 

0*0090 

0-0118 

0*0130 

• « 

1100 

( Percentage 

.. 



16*98 

20-96 

23*06 

•* 

N 

r Grm, 


• • 

0*0052 

0*0088 

0*0114 


• * 

1200 

(percentage 



10*06 

17*02 

22*05 

•• 

■•V 

II 

r Grm. 

• • 

0-0fl43 

0*0060 

0*0081 



" • •' 

1300 

( Percentage 


9-01 

10*48 

16*98 

.. 



N 

r Grm. 

• • 

0*0042 

0-0060 

• * 

.. 

* * 


1400 

( Percentage 


9*48 

11*28 



- 

*• 

H 

r Grm. 

0*0036 

0*0040 




• » 

• « 

1600 

( Percentage 

8*47 

9*68 



•• 

•• 

•• 
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Table XVI. 


Aakid md percentage absorption ofNOs' ions from KNOs htj rke seedlings. 


Strengtii of 

KNOa 


21st 

^TQfK ^ July to 
19th OQ4.L, T«i 


29th July 




10th 21st 10th 21st 11th 

Aug. to Aug. to Sept, to Sept, to Oct. to 

28th Aug. 19th Aug. 18th Sept. 29fch Sept. 19th Oct. 
45da5s 60 days 75 days 90 days 105 days 


700 1 Percentage 


800 ^Percentage 


900 C Percentage 


1000 (percentage 


1100 (Percentage 


1200 (percentage 


0-0146 0*0225 

18-84 29-09 

0-0129 0-0130 0*0199 

18-72 18-86 28-88 
0-0118 -o-oiao 


0-0112 0-0130 


‘0054 I 0-0088 


•0052 0*0080 


1300 (Percentage 


1400 ( Percentage 


1500 ( Percentage j 8*47 9*68 #* ** ** i 

Since nitrogen is also absorbed by the rice plant as ammoniacal nitrogen, it was 
also nndertaben to determine the natnie of ammonium salt from which 
mum quantities of ammoniacal nitrogen are absorbed. Two series o expen e 
like those described for the nitrate salts were arranged. The salts of ammoma used 

were ammoninm sulphate, aiBmoniiiin pliospliate, ammomum c , 

mum uitote. Joi thu earlier etagee of growth etrong eotatroue of 

ueed and for later etagee w»kei stongae we need M it ™ ^ 

tion of ampiqumin ion decreases with the advance of age. $ 
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absorption of KEj* ions from different salts of ammonia of the same strengths at 
different stages of growth. 

Table XVII. 


Actual and percentage absorption ofNH^’ ion from mrious salts of ammonia by rice 

plants. 


Age in days 

Strength 

(NH4hSO. 

(NH4)aPO» 

NHiNO, 

HH4Ci 

30-37 

N 

yGrin. 

. 0-0165 

0-0090 

0-0054 

0*0052 

200 

\ Percentage 

. 18*31 

9*99 

5-99 

5-77 

45-62 

N 

rGnn. 

• 0*0144 

0-0086 

0-0060 

0-0045 


200 

( Percentage 

.16-99 

9-54 

5*55 

4*99 


N 

( Grm* 

, 0-0084 

0-0048 

0*0032 

0*0027 

6047 

] 





300 

(. Percentage 

. 13-97 

7-99 

6*32 

4-49 

76.S2 

N 

r Grm. 

. 0*0060 

0-0036 

0-0026 

0*0018 

300 

( Percentage 

. 9-98 

6-99 

4*16 

3-00 

90-97 

N 

rGrm. 

. 0*0043 

0-0028 

0-0025 

0-0018 

400 

(.Percentage 

• 9*53 

6*21 

6*43 

4*00 

105-112 

N 

^Grm. 

, 0*0040 

0-0022 

0*0020 

0*0014 


500 

(.Percentage 

. 11*11 

6*55 

6*11 

3*89 

30-37 

N 

TGrm. 

. 0-0094 

0-0054 

0*0032 

0*0027 


500 

t Percentage 

. 26-11 

16*00 

8*89 

7*50 

46-52 

N 

C Grm. 

. 0-0083 

0-0060 

0*0030 

0-0023 

600 

t Percentage 

. 23-03 

13-89 

8*33 

6-39 

60-67 

■ ■" 

CQtm, 

. 0-0060 

0-0033 

0*0024 

0-0021 


600 

( Percentage 

. 20-09 

4-00 

8-00 

7-00 

76-82 

N 

rGrm. 

. 0-0047 

0-0031 

0*0022 

0-0017 


600 

C Percentage 

.16-67 

10-34 

7*50 

5*67 

90-97 

N 

r Grm. 

. 0-0041 

0*0023 

0-0026 

0*0015 


700 

V. Percentage 

, 16-95 

8-95 

9-73 

5*84 

105-112 

N 

YGrm. 

. 0-0035 

0-0020 

0-0018 

0*0011 


~'m 

( Percentage 

. 16-56 

8-89 

9-33 

4*89 



Age in days Strengfcli 


(NH4)2S0, 


(nh4)3 '^ 0 , OTjisro, 


105-112 


rGrm. . 0-0168 

f Percentage . 18*65 
{ Grm. . 0-014:1 

(Percentage . 15*99 


PeT.centage 


t Percentage 


. 0-0084 


. 0-0052 


. Percentage .11*53 
' Grin. . 0*0045 

[ Percentage . 12*50 


} 

I Peicentage . 26*38 


. 0*0090 


!. Percentage 


( Percentage . 20*00 


Percentage 


105-112 


I 

l^Percentage , 15*55 


Animoniiini sulphate is the best form in which aiuioonixiin ion can be supplied 
to the rice plant as maximnin amoimts of NH. 4; ions are absorbed from a solution of 
aminonium sulphate at all stages. The different ampaonium salts are in the order 


Table XVIIL 

Aelud md perceMtage absorpH^^^^^ of NH4 ion from iwiom saMs of ammonia by 

rice seedlings. 
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snlpliate, pliospliate, nitrate and chloride in the early stages and as snlphate, nitrate 
phosphate and chloride in the later stages as far as the absorption of NH4* is 
concerned. It is also evident that the absorption of NH 4* ion decreases as the 
plant ages, from all the ammonium salts used. It is noticed that plants kept in the 
solution of ammonium nitrate and ammonium chloride turned yellowish in the first 
two stages of growth indicating that these salts were not suitable for the healthy 
growth of plants in the early stages. 

It was also undertaken to determine which is the best nitrate from which the 
maximum quantities of the NO3' ions were absorbed and therefore the absorption of 
the NO3' ions from various nitrates at different stages of growth was determined. 
Two series of water culture experiments were started as done before. The salts used 
were nitrate of potassium, sodium, calcium, magnesium and ammonium. Equimole- 
cular solutions of all nitrates were used for each stage of growth of the rice plant. 
The plants were kept for eight days in each solution and then the solutions were 
analysed. The volume of water absorbed by the plant in a week was recorded. 
The amount of nitrate present in the solution, before and after the jdants had been 
kept in the solution, was determined. The results are given in Table XIX below. 

Table XIX. 


Actual and percentage absorption, of NOf by the rice plant from diferent nitrates. 


Age in 
days 

Strength 
j(Of the 
golation 


i 

Mg (NOs)j 

KNOs 

Ca (NOa )2 

INaNOs 

16-22 

N 

t Grm. 

0*0079 

0*0061 

0*0036 

0*0033 

0*0021 

1600 

( Percentage 

19-13 

12*36 

8*47 

8*01 

6*08 

30-37 

N 

C Grm. 

0*0067 

0*0048 

0*0043 

0*0046 

0*0029 

1300 

( Percentage 

14*06 

10*07 

9*02 

9*43 

6*08 

i 1, 

30-37 

N 

cGrm. 

0*0074 

■■ - ■ 

0*0063 

0-0046 

0*0049 

0-0031 

1000 

C Percentage 

12*21 

8*65 

7-42 

7*90 

5-00 

46-52 

N 

r Grm, 

0-008S 

0*0065 

0-0062 

0*0068 

0-0038 

1200 

t Percentage 

16-05 

12*67 

10-06 

11*21 

7-38 

46.62 

N 

CGrm. 

0-0086 

0*0068 

0*0056 

0 0062 

0*0043 

1000 

( Percentage 

13-37 

10*96 

9*03 

10*00 

6*94 
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Tablv. XIX— conti. 




Age in 
days 

Strength 







of the 
solution 

NH4NO3 

Mg(NO.), 

KKOs 

Oa(NOs), 

NaNOs': 

60-67 

N 

( Grm, 

0-0101 

0-0086 

0*0090 

0-0070 

0-0045 

1100 

i Percentage 

17-94 

15-13 

15-99 

12*46 

7-99 

60-67 

N 

^ Grm. 

0-0106 

0-0039 

0-0093 

0-0070 

0-0046 

1000 i 

{ Percentage 

16-93 

14*03 

16-00 

11-93 

7-42 

76-82 

N 

rGrm. 

0-0162 

0-0104 

0-0114 

0-0067 

0-0044 

1200 

( Percentage 

29*40 

20-11 

22-06 

12-96 

8-51 

75-82 

N 

^Grm. 

0-0155 

0*0110 

0-0118 

0*0081 

0-0066 

1000 

1 Percentage 

25-00 

17-74 

19-93 

13*06 

9-03 


N 

^ Grm. 

00160 

0-0114 

0-0117 

0-0090 

0*0046 

76-82 

t Percentage 

22-70 

16-65 

i ■ 

17*66 

13-06 

8-37 

900 

1 

90-97 

N 

C Grm. 

0-0190 

0-0141 

0-0130 

0-0086 

0*0066 

1100 

( Percentage 

33-75 

21-31 

23-09 

16-01 

9-96 

90-97 

N 

rGrm. 

0-0202 

0-0147 

0-0136 

0-0089 

0-0068 

800 

(Percentage 

26-07 

17-03 

17-55 

11-48 

7-48 

106-112 

N 

^ Grm. 

0-0261 

0-0193 

0-0199 

0-0117 

0-0083 

900 

( Percentage 

37-37 

28-02 

28-89 

10-98 

12-05 

105-112 

N 

C Grm. 

0-0284 

0-0213 

0-0202 

0*0124 

0-0089 

700 

( Percentage 

32-06 

24-04 

25*06 

14*00 

10-06 


The absorption of nitrogen from all nitrates increases as the rice plant ages* 
The concentration of the salt is increased as the [age advances because it is found 
that higher concentrations at early stages injure the plants. In the later stages of 
growth two concentrations of each salt are used for each stage and it is seen that 
there is not much difierence in the amounts of NOg' absorbed from the two 
solutions* 

The largest amount of nitrogen is absorbed from ammonium nitrate solution at 
all stages of growth. The different salts as regards the absorption of nitrogen stand 
in the order ampLoniiim, magnesium, calcium, potassium^ and sodium in the early ' 
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stages of growth and ammonium, potassium, magnesium calcium and sodium in the 
later stages of growth (Fig. 4). 


0-00 90 L z 
1 tP 




V^^0'2> 



0 00401- 


O 00301 



TiW 

J\c^ un. 


I'^g. 4. . ■ ■ , ■ ■ ■ 

The amount of NOg' ahsorhed from different nitrates is different at all stages oi 
growth. It appears that sodiiiin nitrate is the most unBuitable form of nitrogen to 
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the rice pkBt as very small amounts of NOg' ions are absorbed by tlie rice plants at 
aU stages of growth. 

The results prove beyond doubt that nitrate ion is not taken in by the roots of 
the rice plants in the early stages and probably the permeability of protoplasm to 
the nitrate ion increases as the age advances, though there is no evidence to 
warrant such a conclusion. It may be argued that nomabsorption of nitrate ion 
may be caused by the non-absorption of the positively charged ions and as the 
penetration of an excess of one ion cannot take place without the replacement of the 
excess by an equal quantity of another ion carrying the same charge, it is possible 
that the penetration of the nitrate ion is prevented as the positive ion of the salt is 
not absorbed and as there is no replacement of the NO3' ion absorbed in excess by 
another ion carrying the same charge. ’ So it was necessary to determine the absorp- 
tion of both the ions from a nitrate salt by the rice plant. Potassium nitrate was 
selected and solutions of potassium nitrate of different concezxtrations varying from 
*00kV to *000 66iV were prepared. The rice seedlings of 15 days were kept in 
each solution. After eight days the solutions were analysed for potassium and 
nitrate ions. Potassium was estimated by the gravimetric method described by 
Treadwell and Hall [1913] as potassium chloroplatinate and the nitrate ion as 
before. The rcvsults are given in Table XX. 

Table XX. 


QuaMities of the j)otassium and nitrate ions absorbed by tlie rioc seedlings from 

solutions of KNO^. 


Bolxition 

KNO 3 

Initial amount 
in grm.. 

Bemaining amount 
in grm. 

Absorbed amount 
in grm. 

Percentage of 
absorbed amount 

1 

1 ' ' , 

NO/ 

K* . 

NO,' 

K- 

NO/ 


NO/ 

N 

1000 

0*0391 

0*0620 

0*0316 

0-0673 

^ 0*0075 

0-0047 

19*1 

■ 7*5 

r 1 

0-0356 

0*0563 

0*0282 

0*0518 

0-0074 

0*0045 

20*8 

8'0 

1200 

0-0326 

0*0517 

0-0262 

0*0474 

0-0074 

0*0043 

, 22-7 ■ ' 

8*3 

N . 
1300 " 

0-0307 

0-0477 

0-0236 

!■ 

0*0437 

0-0071 

0*0040 

23*1 

8*4 
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Table XX—oontd. 


Solution 

KNO3 

Initial amount 

In grm. 

Bemaining amount 
in gm. 

Absorbed amount 
in grm. 

1 ■' ; Percentage of, , '' 
absorbed amount 

K; 

NO,' 


NO,' 

K* 

NO,' 

I 

' ■ K* 

NO,' 

N 

1400 

0-0270 

0-0443 

0*0213 

0*04C‘4: 

0*(K)66 

0*0039 

'23*6' 

8*8 

N 

0'0201 

0-0413 

0*0196 

0*0377 

0-0066 

0*0036 

24*9 : 

8*7 • 

im 

M 

“isoo ” 

0'0261 

0*0413 

1 

0*0196 

... 

0-0066 


26*0; 



The results show that the absorption of potassium ion is not at all hindereci 
The plant takes in potassium in greater proportion than the nitrate ion from the 
salt of potassium nitrate. If the results are calculated as percentages of the. potas- 
sium and nitrate ions absorbed from the total quantities present in the solution it is 
seen that the percentage of the absorbed potassium ion increases as the concentra- 
tion is decreased while the percentage of the nitrate ion absorbed remains nearly 
constant. 

The values obtained in all the above experiments for the absorption of NO 3 ' 
ions by the rice plants at different stages of growth may have been influenced by 
the denitrification going on in the culture solutions. In order to make sure of this 
source of error in the estimations it was necessary to make tests for nitrites in the 
culture solutions after the plants had remained jn them for eight days. The test for 
nitrite was done with all the culture solutions in which the rice plants of different 
stages of growth had been kept for a week. But in no case the nitrites were 
detected. The test was made according to the method of Peter Griess modified by 
Illosvay and Lunge [1899], 

In the experiments to determine the absorption of NO 3 ' and NH 4 * ions from 
different nitrates and ammonium salts, the quantities of water absorbed by the 
rice plants from each solution were recorded after the plants had remained in them 
for eight days. On studying the amounts of water absorbed and the quantities 
of nitrate or ammonium ions absorbed it was found that the two quantities 
were correlated. It was discovered that from the solutions of nitrate salts of 
the same concentration the quantity of water absorbed from one nitrate solution 
is greater than the amount absorbed from the second nitrate salt and this greater 
absorption of water was also accompanied fey the greater absorption of the nitrate 
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ioB from one solution of nitrate than from the second. If more nitrate or 
ammonium ion passes into the plants, it was also accompanied by greater absorp- 
tion of water. In order to study these relationships it is necessary that the two 
nitrate solutions are of the same strength and the rice plants must be in the same 
stage of growth in both cavses. If these points are disregarded no correlationship 
between the amounts of water and the ions absorbed could be seen. Table XXI 
gives these relationships for solutions of difierent nitrates for the rice plants in 
difierent stages of growth. 

Table XXI, 


Relation between the amounts of water and the nitrate ion absorbed frmn the 
solutions of different nitrate salts. 



Amount of NO 3 ' 

Percentage of 

Quantity of 

Salt used 

absorbed in 

the absorbed 

water absorbed 


grm. 

NO/ 

in c.c. 


15 clays old plants and strength of the salt soIntion=0’00066JV'. 


INH.NOs 

0-0079 

19-13 

200 

Mg(NO,), 

0*0051 

12*36 

1 170 

KNOa 

0*0035 

8-47 

140 

Ca(NO ,)2 

0*0033 

8-01 

120 

NaNOa 

0*0021 

5-08 

100 


30 days old rice plants, and the strength of salt solution=0*00077A^. 


NH^NOa 

0-0067 

14-05 

1 " 

300 

MgCKrOs)^ 

0*0048 

10-07 

200 

Ca(N03)a 

0*0045 

9-43 

180 

■ 

KNOa 

0*0043 

9-02 

160 

NaNo, 

0*0029 

, , , 

6-08 

110 
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Table 


Salt used 

Amount of NO 3 ' 
absorbed in 

Percentage of the 
absorbed NOg' i 

Quantity of 
water absorbed 


grm. 


in c.c. 


45 days old rice plants, and the strength of salt solution •=0’00083iV. 


NH4NO3 

0-0083 

16-05 

350 

Mg(NOs)2 

0-0065 

12-57 

280 

1 ' 

KNOg 

0-0052 

10-06 

210 

Ga('N 03)2 

O'OOSS 

11-21 ^ 

250 

■■ ■ 

0'0038 

7-35 

160 

60 days old rice plants, and the strength of salt solution- 

=0•0009A^ 

NH4NO3 

o-o;oi 

17-94 

370 

i 

KNO3 

0-0090 

15-99 

360 

Mg(N 03)3 

0-0085 

15-13 

336 

Ca(NO,)3 

0'0070 

12-46 

270 

KaisrOg : 

0-0045 

7-99 

195 


75 days old rice plants, and ihe strength of salt solution=0*00UiV. 


NH 4 NO 3 

0-0160 

23-30 

490 

KNOg 

0-0121 

17*56 

390 

MgCITOs)^ 

0-0114 

16-55 

360 

0a(NO3)3 

0*0090 

13-06 

300 

NaN 03 

0-0059 

8*37 

;v 220 




















MglNOg), 


0-0089 


Ca(N03)a 


NaNOg 


0*02vS4 


It’OO 


0*0124 
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Table 


KSalt used 


Amount of NO 3 ' 

Percentage of the 

absorbed 

absorbed 

in grm. 

NO 3 ' 


Quantity of 
water absorbed 


90 days old x^lants, and the strength, of salt solution =iO*00125iV, 


0*0136 


17*54 


KNOa 


0*0132 


32*05 


NH4NO3 


KNO3 


0*0222 


Mg(N03)2 


0*0213 


Ca(N03), 


NaNOa 


0*0089 


KH4NO3 


25*06 
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Similarly the greatei* or less absorptioxii of NH4* ion from, the solutions of 
diSerent ammonium salts is accompanied by greater or less absorption of water by 
the rice plants at different stages of growth as Table XXII shows. 

Table XXIL 


liekU‘ion between the amounts of water and ammonium ion absorbed from the 
solutions of different immo 


Salt used 

Amount of NH** | 
absorbed in j 

Ferc,entage of the 
absorbed NH4* 

Quantity of 
water absorbed 


grm. 


in 0.0. 


30 days old plants, and the strength of salt solution— 0*006iV. 


(HH4)aS04 

0-0165 

18-31 

360 

(NH,).PO, 

0-0090 

9*99 

260 

NKiNO, 

0*0054 

5*99 

200 

NH4OI 

0*0052 

5*77 

190 


45 days old plants, and the strength of salt solution— 0*005A. 


(NH4hS04 

0*0144 

15*99 

375 

(NH.).P04 

0*0086 

9*54 

300 

NH4N03 

0-0059 

5*55 

230 

NH40i 

0-0046 

4-99 

200 


60 days old plants, and the strength of salt solution— 0*003iV, 


(NH4)aS04 

0-0084 

13-97 

280 


0*0048 

7*99 

230 

NHiNOa 

0*0032 

5*32 

200 






NH^Oi 


0’0027 


4*49 


200 
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Table XXII— ctmid!. 


Salt used 

Annuint of NH 4 * 
absorbed in 
grm. 

Percentage of the 
absorbed 

Quantity of 

Water absorbed 
in ex. 

75 days old plants, and the strength, of salt solution— 0‘0033JV. 

(NH,)aS04 1 

0*0060 

9*98 

300 

(NH4)sTO4 

0-0036 

6*99 

270 

NH^NOs , 

0*0025 

4*16 

290 

NH 4 CI 


3*00 

210 


90 days old plants, and tlie strength of salt solution— 0‘0026iV', 


(m.hSih 

0-0043 

9*63 

420 

(NH4),P0, 

0-0028 

6*21 

360 

NH 4 N 03 

0*0029 

6*43 

380 

NHjOl 

0-0018 j 

4*00 

260 


105 days old plants, and the strength of salt solutioa=0*002iV. 


(NH4).S04 

0-0040 ' 

11*11 

460 

{NH4),P04 

0*0020 

6*66 

310 

NH 4 N 08 

0-0022 

6*U 

480 

NH 401 

0*0014 

3*89 

280 
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Wlien determining the amount of NO/ and NH." ions ahsorbed from 
the solutions of known concentration of difierent nitrates and ammonium salts 
the original and final volumes of the solutions were recorded. The volumes of the 
rice plants were also noted. The quantities of NO/ and NH.- ions that remained 
unahsorbed were also determined. From these data the internal concentration 
and the final external concentration of each of the ion could be determined. The 
ratio of the two would give the absorption ratio for NO/ or NHj- ion for a 
particular stage of growth of the rice plant for a particular concentration of any 
one of the salts used. The absorption ratios were then determined and it was 
noticed that when the same concentration of a salt is used the absorption ratio 
for NHi' ion decreases as the rice plant ages, that is, the point of equilibrium 
between the internal concentration and the external concentration of NIIj- is not the 
same but is shifted with the increasing age of the plant. The absorption ratio -f- 
for the NH4‘ ions decreases as the age of the plant advances. This is true of aU 
ammonium salts as Table XXIII wiU show. 


Table XXIII. 


Absorption ratios for the NHt ions. 


Namo of the salt 

30 days old plants 

46 days old plants 

105 days old plants 

(NHj)aSO» 

From 0*002 N s 

8*2 

olutions 

3*9 

1*08 

(NH4)4P04 

3*2 

2*2 

0*53 


1*6 

1-3 

0*67 

NH 4 C 1 

1*1 

0*9 

0*38 

(NHijjSOi 

From 0’006 N 

4-77 

' solutions 

2*96 



2*40 

1*84 


. NH4l?08 

1*60 

1*05 

' 
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Table XXIII— conic?. 


..... - 


Kamo of the salt j 

60 days old plants 

75 days old plants 

(NH4),SOi 

from 0‘G033 N solutions 

2*60 

1*33 ; 

(NH4)3P04 

1*49 

0*82 ; ■ 1 

NH 4 NOS 

1-00 

0-79 ' ■■ !; 

NH 401 

0*83. 

0*54 

(NH4).4 SOi 

from 0*0016 N solutions 

3*30 

i 

2-04 ■ ■ 1 

(NH4)a POi 

1-40 

1*10 i 

— - — — ^ 

NHiNOs 

1*06 

^ — 

0*90 

- — — ^ ' . i. 

NH 4 OI 

0*86 

0*59 : 


Similarly the absorption ratio for NO3' ion increases as the age of the plant 

advances as Table XXIV shows. 

Table XXIV. 


A-bsoTpliofi TCttio foT the witTdte ious* 


Name of the salt 

45 days old plants 

76 days old plants 

NH 4 NO 3 

from 0*00083 N solutions 

3*1 

3*3 

Mg (N0,)4 

2*5 

2*9 

KNO, 

2*2 

2*8 

Ca(N03)2 

2*2 

2*5 

NalSlOg 

1-8 

1*9 





Name of the salt 


60 days old plants 


From 0‘0009-^ solutions 
3-1 


90 days old plants 



'' i KNOj 

ti;.: M ' ■ < ■ 

2*2 

' Oa(NOs)j 

I'J' i . ■ 

1*8 

1 NaNO, 

1*1 



Name of the salt 


NH4NOa 


MgCNOs), 


KNOa 


0a(NOa)a 


NaN0« 


76 days old plants 

From 0*001 IF solutions 
3*1 
2*3 
2*2 


105 days old plants 



According to results obtained for the absorption'of NHi* and SO/ ions gi\'en 
jn tables/it is shown that there is unequal absorption of NHj' and SO/ ions froip 
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solutions of ammoniiiid siilpliate, the NH.' ions being absorbed in larger amount 
than the SO/ ions. The necessary consequence of the unequal absorption would 
le as pointed out in the introduction, that the excess of the NHv ion 
absorbed would be replaced either by the diffusion of positively charged ions from 
the roots of the rice plant or by an equivalent quantity of hydrogen ion derived 
from the solvent In the latter case the excess of the absorbed NH 4 - ion would 
he accompanied into the roots by the hydroxyl ion and the resulting external 

solution would turn acidic. . , , /. j-jv ^ / / 

It was undertakento determine if positively charged ions diftused out from 
the roots to replace the excess of the ammonium ion absorbed as was found by 
■R dfern [1922] The tests for various positive ions like potassium, magnesium, 
calcium Ld sodium were made, but gave negative results. Thinking that the 
chemical tests are not sufficiently delicate to detect traces of these substances 
spectroscopic analysis of the solutions used was made. Unused solutions of 

ammonium sulphate was examined on a spectroscope and the solution was again 

examined after the plants had remained in them for a week. No extra absorption 
lines were observed in the used solutions. . .i i +• 

If the diffusion of positive ions from the roots did not occur the solution 
according to the statements made above, should turm acidic It was therefore 
undertafem to determine the pH value of ammonium sulphate before and after the 
plants were kept in them. The determination's of pH value of the solution were 

made by the Indicator method and also by means of hydrogen electrode. 

Determination oe pH value by the Indicator method. 

In the beginning the approximate pH value of a solution was determined by 

mlnv universal Indicator supplied by B. D. H. . j. . 

In order to obtain the correct pH value the solutions of the following indicators 

were prepared: thymol blue, bromo -phenol blue, methyl red, bromo cresol purple, 

‘hromo thymol blue, phenol red and cresol red, 

Tlie pH vdueot these indictor, ovetlap and aie pot m semi order so that 

^ Ka ncsprl for determininix the pH value of a solution. 

“''iSy-S^'Srent standard coloured solutions according to the method 

.;ven bv Clarke [1920] are prepared with a difference of 0'2 pH value so that the 
given by t ; determined. It the matching of the colour is 

£irasrond indicator hromo thymol blue in this case is taken and the colour 
tlared with the standard colour, and the pH value is agmn determined. The 
error introduced in the determination of the pH value by the above 
Sod varies'from ± 0-2 to ±0'6. In some cases the magnitude of error was 

below ± 


! 
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All necessary precautions recommended by Clarke [1920] in making these 
determinations by colorimetric methods were taken. The glass vessels, and bottles 
used for the experiments were coated with paraffin to prevent the action of glass 
on solutions. It was noticed that the pH value of solution changes on being 

allowed to stand in glass jars. 

Tlie pH values of four difEereut strengths of each salt in solution were first 

determined. 

Rice plants of different stages of growth were then kept in some of these 
solutions and the pH values of the solution after eight days were again determined. 
In the earlier stages of growth NHp ions absorbed are more than the corresponding 
negative ions from the different ammonium salts so the solutions must turn more 
acidic after the plants had remained in them than the unused solutions. Secondly 
as the absorption of NHi' ion decreases as the plant ages, the change in the pH 
value of the solution should be less when older plants are kept than when the 

plants in earlier stages of growth are used. 

The results obtained agree with the theoretical expectations. 

Tabi^ XXV. 

Showing pH values of the solutions used. 


Solutions 

pH value 
of the 
original 
solution 

pH value of 
the solution 
after 
keeping 
plants 30 
days old 

pH value 
of the 
solution 
after keep- 
ing plants 

45 days old 

pH value 
of the 
solution 
after keep- 
ing plants 

75 days old 

pH value 
of the 
solution 
after keep * 
ing plants 

SO days old 

4s- me., .so. . . 

5*0 

3-0 

3-2 

4*0 

4*0 


5*2- ■' 

2-8 • 

3-0 

4*0 

4*0 


4*2 

3-4 

3*4 

4*0 

4*0 


4*2 

3-2 

2-2 

4*0 

4*0 

NH4C1 . . 

200 

6-0 

3*6 

3*6 

4*0 

4*0 

^ NH4C1 . . • 

500 

5*2 

3*4 

3*6 

4*0 

4*0 

4-m.no. . . . 

6*0 

4-0 

3*8 

6*0 

6*0 

. . . 

6*2 

3*8 

3*6 

6P 
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The results show that the solutions of all the ammonium salts turn acidic 
after the rice plants had remained in them for eight days. 

The change in the pH value of the solutions after the plants had remained in 
them is not due to the secretion of acidic substances or evolution of carbo n 
dioxide. This is tested by experiment. The fall in the pH value is greater when 
the rice xdants 30 days and 46 days old are used than when the older plants of 
76 days and 90 days are used. In the ammonium nitrate solution the pH value 
rises when the plants of 76 and 90 days are kept in the solutions. This is so 
because the NO;,' ion absorbed increases as the plant ages. 

The changes in the pH values of the solutions of different nitrates were also 
noted for the corresponding growth stages of the rice plants. The results are given 
inTableXXVI. 

Table XXVI. 

Shawinff pH values of the solulmis of nilrate saltH used. 


Solution 

pH value of 
tilt) original 
idol ut ion 

pH value 
after 
keejiing 
]>]ant 30 
days old 

pH \ alue 
after 
keeping 
likint 45 
days old 

pH value 
after 
keeping 
pkuifc 75 
days old 

pH value 
after 
keeping 
plant 90 
days old 

Tisr™- • ■ I 

5-8 

4*4 

, 4*4- : 

6*0 

5*0 

i wo.), . . 

5*8 ' 

4*2 

4*2 : 

0*2 

6*0 


5-8 

'1*2 

■ ■' ■4*2 

,, ■6*2 

6*0 

. . . 

5*8 

4*6 

4*4 

6*2 

6*2 



4*0 

4*0 

0*0 

G-0 


in Bue eariy stages 01 growcn tne positive rauicai is more aosornea man toe 
nitrate ion. This is shown to be the case by the analysis of the K' and NO/ 
ions of different concentrations of potassium nitrate solution in Table XX, and 
the solutions turn acidic. In the later stages of growth the nitrate ion is 
absorbed in greater proportion than the positive radical and so the rise in the pH 
value of the solution occurs. 

Conclusions. 

Some facts about the intake of nitrogen not known before, have been brought 
to light by the investigations described above. There is an equal absorption of 
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the anion and kation from ammonium sulphate, the NH 4* ions being absorbed in 
greater amounts than the sulphate ions. As there is no exosmosis from the roots 
of positively charged ions to replace the excess of NH4* ions absorbed, the 
hydrogen ions of the solvent replace the excess of ions absorbed and this is 

confirmed by the determination of the pH values of ammonium sulphate solution 
before and after use. 

The absorption of NH4* ion decreases as the rice plant grows and the (juantity 
of NH4* ion absorbed in the later stages is comparatively very little. The fact 
explains the conclusions of Kellner [1884] and others that ammonium sulphate has 
a low value as a fertilizer during the later stages of growth, of the rice plant. 

The intake of nitrate nitrogen by the rice plant is in the reverse order, as 
nitrates are taken in small quantities in the earlier stages and their absorption 
increases as the rice plant ages. On account of the selective absorption of nitrate 
nitrogen Kellner [1884] and others found that rice plants showed better growth 
when supplied with nitrate in the later stages of growth. 

The absorption of ammoniacal nitrogen and the non-absorption of nitrate 
nitrogen in the early stages and the reversed state of things during the later 
stages are points of great importance. 

It is not improbable that the permeability of protoplasm may be responsible 
for the absorption of one ion at one stage and of the other at the other stage of 
growth. Though there is no direct evidence to support such a conclusion the 
selective absorption of ammoniacal nitrogen at one stage and of nitrate nitrogen at 
another stage points to such a possibility. The NH^ ions carry a positive charge 
and NO/ ions carry a negative charge and the diflerence in the electric charges 
carried by these ions may make one ion more permeable to protoplasm than the 
other at a particular stage of growth. Further investigation is necessary to prove 
the above conclusion. 

Another important fact is brought to light by the determination of the absorp- 
tion ratios of the NH4* and NO3' ions. The quantity of or NO^V ions 

taken in by a plant depends upon the point of equilibrium reached between the 
external and internal concentrations of an ion. The point of equilibrium is 
not necessarily reached when the ionic concentrations outside and inside are 
equal. In the case of the rice plant the point of equilibrium is reached after 
8 days and the internal concentration of ion is higher than the concentration 
of NH4’ in the external solution. (This does not suggest that the NHi* ions remain 
as NH 4* ions within the plant after being absorbed but since further absorption of 
NH4* ion ceases after eight days, it is taken that the point of equilibrium is reached. 
Since there is no means of finding out the amount of ions converted to some- 
thing else from the quantity of NH4* ion absorbed, the total quantity absorbed 
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is taken as the Nfl^* ion concentration of the rice Stiles and Eidd [ 1919 ] 

also have followed the same rule). 

As the absorption ratio for the NH4 ions falls as the plant ages the rice plant 
will absorb much less ions at a later stage than it can absorb at an earlier 

stage from the same concentration of ammonium sulphate solution. This fact is 
important as a greater proportion of ammonium sulphate, if supplied in large dozes 
at later stages of growth, will remain unutilized by the rice plant as much of it will 
remain unabsorbed on account of the low absorption ratio. Similarly a large 
proportion of nitrate will remain unabsorbed, if supplied at early stages of growth, 
as the ratio of the nitrate absorbed to the nitrate remaining unabsorbed from more 
concentrated solution will be smaller than the corresponding ratio of the two 
quantities from less concentrated solutions. In other words percentage absorption 
of the 1^114 ion at later stages is greater from the less concentrated solution than 
from the more concentrated solution. It is possible that the low value of 
ammonium sulphate as a fertilizer in the later stages of growth is not due to the 
lack of assimilation of ammoniacal nitrogen but to its non-absorption. 

It is known that the quantity of nitrogen taken up by the rice plant is very 
little as compared to the quantity supplied to the soil in the form of fertilizers 
and the results discussed above give a reasonable explanation of the fact. The 
quantity of nitrogeon absorbed by the rice plant, if other changes in the soil are 
not considered, will vary according to the form of nitrogen supplied and of the stages 
of growth at which it is supplied. It is also seen that the absorption of nitrogen 
in any of the forms is not hindered by the presence of any other ions present. The 
results can have a practical application. As the absorption of NH4’ ion decreases 
and the absorption of ISTOg' ion increases as the plant ages, greater absorption of 
nitrogen will occur at any stage of growth when a mixture of the ammonium 
sulphate and a nitrate is supplied than when any one of them is supplied singly 
with the same quantity of total nitrogen as supplied in the mixture. 

As nitrogen is an important element for the plant growth, it is expected the 
plant win show better growth when treated with mixture than when treated with 
ammohium sulphate or a nitrate. The greatest diflerences in growth will also be 
obtained if the mixture is supplied at a time when the plant is passing through 
the period of maximum growth rate. 

These conclusions are being put to a practical test at present. 

SUMMABY. 

It is undertaken to study the intake of nitrogen in the form of ammoniacal 
nitrogen and nitrate nitrogen by the rice plant at different stages of growth. The 
Columba variety No. 42 of the rice plant is used in this investigation. The rice 

’'e 2 
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seedlings are grown in water culture solutions from the beginning of the germina- 
tion of the seeds, and rice plants at the transplantation stage and from the soil are 
also kept in culture solutions and are used as a duplicate series. The quantity 
of an ion absorbed by the plant is determined by chemical analysis of the solution 
for that ion before and after use, 

( 2 ) From a solution of ammonium sulphate the rice plant absorbs greater 
quantity of NH*’ ions than the sulphate ions. This is found to be true at all stages 
of growth. The absorption of NH4' ion decreases as the plant ages. 

The absorption of ion is independent of the presence and absence of 
nitrate ion or any other ion as the same quantity of NH4- ions is absorbed from all 
solutions used at a particular stage. 

As a result of unequal absorption of the NH4’ and SO4" ions from ammonium 
sulphate solutions the latter should turn more acidic. This has been found to be 
the case by determining the pH value of the ammonium sulphate solution before 
and after use. Determinations of pH values are made by the Indicator method 
given by Clarke [ 1920 ]. 

The absorption ratios of NH4’ ions at difierent stages of growth are determined. 
The absorption ratio of NH 4* decreases as the plant ages. 

It was also undertaken to determine a salt of ammonia from which the maxi- 
mum quantity of ammonium ion is taken. Ammonium sulphate, nitrate, chloride 
and phosphate were tried and the absorption of NH4’ ion was determined from the 
solution of different concentrations of these salts at different stages of plant growth 
and it was found that the salts stood in the order, sulphate, phosphate, nitrate, and 
chloride in the earlier stages of growth, and sulphate, nitrate, phosphate and chloride 
in the later stages of growth as far as the absorption of ammonium ion was concerned. 

The absorption of nitrate ion increases as the plant ages. The non-absorption 
of NO3' ion from a solution of nitrate is not caused by the non-absorption of the 
positive ion as the results with potassium nitrates show. The absorption of NO3' 
ion is independent of the presence or absence of other foreign ions. 

The absorption ratios of the NO3' ions at different stages of growth are deter- 
mined, and it is found that the absorption ratios increase as the plant ages. It was 
also undertaken to determine the nitrate from which the maximum quantity of 
NO/ ion is absorbed ; nitrates of potassium, sodium, magnesium, calcium and am- 
monia were tried. The absorptions of NO3' ions from the solutions of different con- 
centrations of the salts were determined at different stages of growth and it was 
found that the salts stood in the order of ammonium, magnesium, calcium, potassium, 
and sodium in earlier stages of growth, and ammonium, potassium, magnesium, 
calcium and sodium in later stages of growth, when the percentage absorption of 
the NO3' ion was considered. 
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The reason of greater absorption of ion at early stages and of NOg' ion 
at later stages may be assigned to the differences in the permeability of protoplasm 

at different stages of growth. 

The low value of ammonium sulphate as a fertilizer and the high value of 
nitrate at later stages of growth found by Kellner [1884] and others can be ex- 
plained by the results obtained above. 

The absorption of nitrogen by the rice plant according to the results obtained, 
depends upon the form in which nitrogen is supplied and upon the stage of 
growth at which it is given. 

It can also be concluded that a mixture of anamonium sulphate and potassium 
nitrate will form a better source of nitrogen to the rice plant than any one of them 
used singly with the same total nitrogen that is present in the mixture. As nitrogen 
is an important element, it is suggested that the plants supplied with a mixture of 
two forms of nitrogen will make better growth than the plants treated with any one 

of tliem.' 
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(Witb Plato XV) 

Setaria Ualica,%)i% Italian millet, is popularly called in Western countries the 
fox-tail millet. This name is in consequence of the common varieties of this millet 
having the general appearance of a fox^s tail. This fox-tail look to this millet arises 
through the existence of floral structures called bristles constantly present in the 
Setarias. Bristles when long enough give the fox-tail look. The shorter ones look 
otherwise. These bristles and the differences among them aflord considerable aid 
in the classification and recognition of cultivated varieties. With the help of this 
easily- visible character, the purity of strains can be maintained and natural crosses 
promptly rogued out. Proper parents may be chosen for hybridization work with 
the certainty of detecting the success of crosses. The inheritance of this bristle 
character is presented in this article. 

*PartI(Graia Colours) and Parfc II (Ant bot Colours) have appeared in this Joumeb Vol. T, 
Part V and Vol. 11, Part I, respectively. 
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Much speculation has centered roimd the origin and significance of these 
bristles. It is needless here to enter into these. Suffice it to say that these bristles 
exist in every head of the Italian millet subtenclmg the grain (spikelet). Com- 
parative studies in the floral structure of and the fact that some of 

these bristles have occasionally a- spikelet perched at their tip lends evidence to 
their being aborted parts of a fascicle. 

These bristles are usually one in nimiber and often two. Three and four are 
rarely met with/ In distribution the largest are the ones/ Numbers up to nine 
referred to by Gammie [1911] were not met with in the varieties studied. 

These bristles vary m their length. The easiest sepaiution is into 
short, and this has been recognised and pursued in inheritance by earlier workers, 
'Long" being found to be dominant to ' short " [Saito. 1923]. Deeper work; larger 
experience and the marshalling of more extensive data leave a doubt as to the 
finality of such a simple disposal as the above. It has been found that the delimi- 
tation of groups in pure lines was no simple matter, but implemented with tlie 
study of segregations met with, the separation of bristles into four groups was 
attempted with success. 

The first group is the ' long \ This varies from 7 to 14 mm. in length. The 
average length of the groiip is 10*5 mm. The second group is the ; medium The 
range of this is from. 4*6 to 9 mm. with an average cjf S mm. The third is ' short ", 
ranging from 3 to 7 mm., with an average of 5 mm. The last and basic group is 
the ‘ dwarf ", with a range of 2*2 to 4*6 mm. and an average of 3*2 mm. These are 
figured as they occur in the.earhead a-nd in individual spikes (Plate XV). 

The method pursued in the grouping of these bristles is to take off six spikes 
from the eaihead at equal distances from top to bottom, tease these spikes, note down 
their composition and measure off the length of the bristles in them. Individual 
bristle lengths, spike-average and head-averages are thus obtained. The sum 
total of this experience gives the average net energy in the particular variety for 
the ex^uession of bristles. Two-hiindred-and-fifty heads were thus examined and 
over 30,000 readings taken. 

Bristles being protuberances beyond the grain line in an earhead, the back- 
ground for the reading of these bristles is of great practical importance. It is a 
matter, of common knowledge that earheads vary in density and though this factor 
adds to the difiiculties in bristle, groupings, yet with a little experience and study 
C7i masse the genetic individuality and consequent separation of the groups gets 
to be a fairly easy matter^ In the earlier years of the work, without the support 
of such experience a finer Beparation was not possible, but later selections and 
restricted segregations afforded workable limits and group standards, with the 
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help of whicli the piKsuit of the major recognisable genetic groiifjs was made 
possible. ■ '■ 

All jSetonas have bristles. The lowest expression of the bristle is ' dwarf in 
which the tips of a few bristles just peep out of the undulating grain surface of 
the earhead. This group is best detected by holding the earhead against light and 
letting the bristle tips stand out of the head contour. This basic presence of the 
bristle is set down to the existence of a factor X. 

This factor may exist by itself or in association with factor E whose existence 
determines the expression, both potential and actual, of the other factors contri- 
buting to length. The phenotypic expression of the •dwarf bristle being by itiself 
minute, diilerences in expression between Xe and XE are impractical of pursuit. 
In the few examined, no significant differences were noticeable. That the E factor 
exists is only demonstrable through genetic experience. 

Two factors designated Lj and Lg are present and act upon the basic factors 
Xe and XE. Lj acting on Xe gives a 'short' bristle. L 2 acting on Xe gives a 
' short ' bristle also, both the 'shorts' being practically inseparable. When both 
Lj and Lg act on Xe the bristle is ' medium ' in lengtli. acting on XE produces 
only a ' short ' bristle. Lg acting on XE produces a ' medium ' bristle. L| and L 2 
acting coiijolntly on XE produce a 'long' bristle. Whereas factors and Lg 
represent two doses of factors for length, their effect varies according as they act with 
or without the aid of the factor E which determines their full expression. Without 
E they produce ' short ’ and ' medium With E they result in ‘ short ' medium ' 
and ' long There are thus four phenotypic expressions of eight genotypes. 

The experiences from over 180 S. 1. (Seluria iialica) families are presented below 
in support of the above hypothesis. 

S. I. 296 clan is the premier clan in this experience and its history has been 
detailed in Table I. A natural cross in 1926, it has been continued up to the 
sixth generation and it provides a fairly complete and conclusive testimony for the 
explanation advanced above. Being one of the earlier clans, lack of experience 
and clear group standards inevitably led, in the first years, to a grouping together 
of separable bristle classes. Wherever it was necessary to present such a com- 
bination, the figures are entered midway between the columns for the respective 
bristle groups. 

Unelaborated as it is, the Eg figures are a good approximation to the theoreti- 
cal expectation on a three-factor hypothesis ; as also the Eg figures. The further 
generations give a simplified ramification of the 9 : 3:3: 1 experience. Unfortu- 
nately the Eg of this clan suffered badly on account of heavy rains and beyond 
noting the segregations for bristle groups it was thought unsafe to pursue them in 
numbers, running tlie risk of damaged bristles leading to dubious groups. How- 
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ever furtter careful selections of undoubted types were earned forward to Fg 
wbicb has vindicated the expectations based on the earlier experience of the clan. 

Table I. 

Clan S. I. 296. {Natural Gros s spotted 1926). Segregating for E, and L^. 

I of selection. Bbistlb OBOVPS 


Generation and 
family 


Character of selection, 
constitution, and 
expected segre- 
gation 


Long Medium Short 


pl.' 


S. L 

296 

Long 

f : ■' ■ . 

Fi 

S. I. 

911 

Long 




912 




S. L 

910 

Long 




922 




S. L 

919 

Long 


S. I. 913 Medium 
914 
923 


S. I. 915 Short . 
918 

920 

921 


S. I. 927 Short • 


S. I. 916 Dwarf 
917 
924 

B’a From B. L MO* 

S. I. 1215 Long . 
1218 
1219 
1222 


EeLiliLal2 

(27 : 18 : 15 ; 4) 64 

lilieLj|;liL2l2 

(27 : 18 : 16 : 4) 231 

, ]ElE(LiliL2l2 

(9:3-3:l) 302 

, EeLiL2L2l2 
(9:3: 4) 
or 

EeL,liL2L2 

(9:6:1) 135 

0 EeyiL2la 
(9:3:4) 
or 

eeLiliL2l2 

(9:6:1) 


S. 1. 925 Medium . EeliliLgL- 


eeLxliL2L2 

or 

eeL|_L3^L2l2 

(3:1) 

Eel‘ilil2l2 

EELiljIsla 

eeLi}il2l2 

or 

eeljl^L.^! ^ 

(3 :1) 

. EEL 1 L 1 U 2 
eeLj[Lil2l2 
or 

. EEViya 
or 

eeljlil2l2 
• EELiX^L^Lg 



Generation and 
family 


Table l—erntd. 


Ciiaraoter of selection, 
constitution, and 
expected segre- 
gation 


BmSTLE GKOirPS 

Long Medium Short Dwari 


Long • * !EElL|l 2 ^L 2 L. 

(3:1) 


S. I. 1212 

1213 

1214 
1216 
1217 
1220 


1467 635 


S. I. 1211 
1221 


Long . . EELiliLglg 

(9 ; 3 : 3 : 1) 


Fs FfomS. L 1211, 


S. I. 1786 
1789 
1801 


Long . 


EELiliL^la 
(9 : 3 ; 3 ; 1) 


Long . 


EELiLiLgl 

(3: 1) 


S. I. 1794 
S. L 1810 


Short 


Ffl From S. I. 1786, 
1789 and 1801. 


S. I. 2078 
2088 


Long 


EELiLiL2L2 


S. I. 2066 

2076 
2089 

2093 

2094 
a I. 2069 

2077 

2091 

2092 
8. I. 2064 

2066 

2067 

2068 
2079 
2096 
2096 

a L 2097 


Long . 


EEL^hL2l2 
(9 : 3 ; 3 ; 1) 


Long . 


EELj1iL2L2 

(3:1) 


EEL^LiLal 

(3:1) 


Long 


Medium . EEhliLglg 

(3:1) 

Short . . EELiIil^lg 

(3:1) 


32 

620 229 


S. 1. 2070 

2071 

2072 
2074 
2080 

2098 

2099 

2100 
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In Table II is presented the behaviour of clan S. I. 766, which seconds a restric- 
ted phase of the S. I. 296 experience given above. 

Table II. 


Clan S. I. 755. {Natural Cross spotted in 1927). Segrcgatwg for E, and L^. 


Generation and 

Character of selection, 
constitution, and 

Beistle groups 

family 

expected segre- 
gation 

Long 

Medmni 

Short 

Dwarf 

P, S. I. 755 

XAing - • lLieIjjljIj2l2 

(27 : 37) 

68 


67 

.^ j 





Y ' 


.Fg' ■ S. I. 1088 

Long . . EoLjliLalj 

(27 : 18 : 15 : 4) 

107 

76 

50 

3 

B. L 1081) i 
1090 

liong . LlijLjIjL2l2 

(9 ! 3 : 3 : 1) 

270 

88 

03 

32 

From 8. L lOSS 






S. I. 1775 

Long ; . EeLil^L^l, 

(27 ; 18 ; 15 : 4) 

81 

73 

51 

16 

S. I. 1754 

Medium , EeliliLjjLa 

ecLiliL^L^ 
or 

ooLjLj^L.,lo 

(3:1)“‘ 

- ' 

228 

81 


S. L 1751 

Medium , EeliliL^l^ 

(9:3:4) 

or 

eeL|ljL2l2 

(9:6:1) 


119 

1 

02 

S. 1. 1753 
1750 

Bhort » • ISELj^ljlgL 

eeLj^Ijlglg 
or 

eelj^l^Lgig 

(3:1) 

... 

... 

295 

135 


A striking feature of the bristle segregation in Setaria is the occurrence of the 
four bristle groups in the two different proportions, 27 : 18 : 15 : 4 and 9 : 3:3: 1. 
This has been ex])erienced above. Another important feature is the occurrence of 
‘ long ’, ‘ medium ’ ‘ short ' and ‘ dwarf ’ according to the 9 : 3 : 3 : 1 ratio as also a 
9: 3 : 4 of ‘ long ‘ medium ’ and ‘short’. This was the problem as well as a 
solution for the bristle situation in Setaria. But the modus operandi of the bristle 


genes being wliat it is, these experiences are not only possible but inevitable. If 
the parent is homozygous for the E factor but heterozygous for the other two length 
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factors, the segregation will be of a dihybrid type, and the final term of the ratio 
containing E will produce a ‘ dwarf/ Such an experience from two natural crosses 
is detailed in Table III. This is also supported by artificial crosses. 

Table III. 

Pure for E and segregating for Li and L^, 



Character of selection, 
constitution, and 
^ expected segre- 

! gation 


Beistle geoups 


Generation and 
family 

Long 

Medium 

Short 

Dwarf 

Eg S. I. 1940 

1941 

Artificial cross LXIV 
and LXV 

Lons • EEIijljIi2l2 

(9:3:3 !l) 

47 

17 

13 

• 6";''v' 

S. I. 1263 

... EEl^ljiLoL^ 

... 

Q 


... ■ 

S. 1. 1264 

EELjLiya 

... 

... 


... 

Fj S. I. Cross 

LXIV 
LXV 

Fjs I. 1935") 

1936 

1937 y 

Long . . EELilil^gla 

Long . EELjIiLgla 

Pi 

86 



1938 1 
1939j! 

(9 : 3 : 3 ; 1) 

2C5 

90 

27 


If, on the other hand, the factor be held homozygous, the final term of the 
ratio contains and, ex hypothesi, it is a ' short ' producer. Hence the absence of 
‘ dwarf ^ and the resultant 9 : 3 : 4 ratio (Table IV). In fact the reconciliation of 
these two phenomena is the central problem of bristle inheritance in this millet. 
The above hypothesis brings together the phenomena and in both the cases 
artificial crosses confirm it. 

Table IV. 

S, !• Gross XLIX, L, and LIL Pure for and segregating for E and {1930) 


Geaeration and 
family 




S. I. 316 
S. I. 301 
e. I, Cross 
XIAX 
L 

LH 

B. I. 1925’ 


1927 

1928 
1929J 


Character of selection, 
constitution, and 
expected segre- 
gation 


Bbistlu geoups 

Long 

Medium 

Short 

• • eeIjjLjlj5l2 


.. 


• • 1I}EL]^LuL2'^ 


, , 


• • J^LjLjLjlg 



•• 

Long . . EeLjLiL^lj 


46 

69 

(9 ; 3 ; 4) | 

149 






Season 


Short 
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The tables that follow give the segregations which are the natural corollaries of 
the scheme of inheritance detailed above. The ‘shorts’ though phenotypically 
inseparable are nevertheless of two genotypes. The segregation of a type like 
eeLiliLgla gives a 9 : 6 : 1, a possible though not a very common Mendelian ratio. 
In Table V such an experience is recorded. 

Table V. 

{Natural Crosses spotted 1926). Pure for e and segregating for and L^. 


Generation and 
family 


Character of selection , 
constitution and 
expected segre- 
gation 


Bbistlb geoups 

Medium 

1 __ _ _ 

Short 

Dwarf 


Fo S. I. 750) Medium . , eeLiliLgl^ 

766^ (9:6:1) 287 

977) 


Tables VI to IX show the simpler aspects of the bigger segregation chronicled 
above. 

Table 1/1. 

Families S. L 164, 157, and 196. Segregating for ' long ' and [ short Pure for E,Li 

and segregating for 


Generation and 
family 


Character of selection, 
constitution, and 
expected segre- 
gation 


Beistlb geoxjps 


1925 Fa 

1926 Fs 


S. I. 

164 

Long . 

. EELjLiLala 




(3 : 1) 

S I. 

263^ 

206) 

Long . 

• EELjLj^LaLa 

S. I. 

260) 




261 ( 

Long . 

. EELj^Lj^Lala 


2621 

(3 : 1) 


267) 



S. I. 

264) 
265 ^ 
268) 

Short 

• EELjLj^lala 

S. I. 

167 

Long • 

. ElL^LiLala 



(3 : 1) 

S. 1. 

299^ 

Long • 

• EELf][L|^LaLj 


301) 


a I. 

300 

Long • 

• EELiL^LaL 



(3 : 1) 

S. I. 

302 

Short . 

. EELiLilala 

S. I. 

196 

Long * 

, EEL^Li^Lala 



(3:1) 

S. I. 

310 

Long . 

• EEL^L^LaLj 

S. I. 

309-1 

Lorig . 

. EELj^X^Lala 


311 ) 


(3:1) 

8. L 

312 

Short . 

• EELiL^ilah 





216 INDIAN JODBNAL OF AORIOULTUKAL SCIENCE [111,11. 

Table VII. 


Segregating for ^ long ’ and ‘medium \ Pure for and mjregating for E or L^. 



Generation and 
family 

Character of selection, 
constitution, and 

Bkistle okoups 

Season 

expected segre- 
gation 

Long 

' Medium, 

' imi 

F, S, I. 285 

Long . . EELiliL 2 L. 

or 

FeLjLjiLjjLa 

18:1) 

18 



S. L 52-1. 

Long . 3>itto 

96 ' ' 



Fa S. I. 888 

Long . . Ditto 

■■ 271. 

'■ -78;, 


Table VIII. 

Segregating for ‘ medium ’ and ‘ short Segregating for E, or L^. 


f 

‘ ,( 

fllii''"' '' ' ■ 

Season 

Generation and 
family 

Character of selection, 
constitution, and 
expected segre- 
gation 

B-BISTLJ 

Medium 

S GEOUPS 

Short 


1927 

Fa 

S. I. 

569 

Medium , . I'oliljLjjLa 



!' ' 





oeLiljLgLa 








or 



i\ : 





eeLiL^L.ala 








(3:1) 

44 

17 ■' ' 

1-' i 

1928 

Fa 

S. I. 

816 

Medium . . Ditto , 

81 

' 24: 

1* 

1928 

Fjj 

S. I. 

842 

Medium . . Ditto . 

239 

92 V 

P 1 

1829 

F., 

S. 1. 

1068 

Medium . . Ditto 

242 

76 

U 

1925 

Fa 

S. 1. 

128 

Medium , . Ditto , 

40 

13 

4 


Fa 

S. 1. 

237^ 




/li 




239 




j hi- . 

! 



240 




if’ 




241 y 

Medium . » Ditto . 

721 

243 

1 ! . 




246 








247 




1 ' i 




252 




'"i 




253j 




1 Hi*!! 



S. 1. 

238 A 




!' ' 




242 / 

Medium . . EEliliL,L, 







348 ( 

■ ; .or 



I ,, 




254.) 

- ■ eeLj'L^ LjjLjj 

Pure 



1927 

Fi 

S. I. 

290 

Medium EeliljLgLa 



il 





eeLjljLjjLa 



itl 1 





' -or. 



if 





eeLjLi^LgL 



It lln 





(3 :1) “ 



lillH 
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Character of selection, 
constitution, and 
expected segre- 
gation 


Generation and 
family 


Medium 


Medium 


Short 


Medium 


Medium 


Medium 


Table IX. 

Segregating for ‘short ’ and ‘ dwarf’. Segregating for E,L-y or L, 


Bristle grotjrs 



Character of selection. 

Generation and 

constitution, and 

family 

expected segre- 
gation 



' Bristle 

GROTTFS 

Medium 

Sh 

1723 

56 

Bure 

Be 

75 

i ■ " ' 

% 

214 


Bure 

M 


Bu 
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Segregations for the bristle characters have been met with concurrently with 
segregations for grain colour. Cross collations of bristle groups among grain colours 
have been made and ||Dint to no apparent connection between the factors determin- 
ing bristle length and those responsible for grain colour groups. So also with 
segregates for anther colour. 

Summary. 

The bristles in Selaria iUilica fall into four groups — ' long ^ medium V Bhort 
and ' dwarf/ The ' dwarf ' bristle represents the basic bristle condition in all 
Selarias. This is due to a factor X. Three other factors E, Li, and Lg acting on X 
are responsible for the four differential lengths. E determines the expression of 
the various bristle types, and depends for its manifestation on the factor Lg. X 
with or without E remains a ‘ dwarf ", Lj and contribute to the lengthening of 
the bristle. and L 2 acting individually on the dwarf (Xe) produce a short bristle ; 
together they produce a ' medium ^ with XB gives a ‘ short Lg with XE gives 
a ‘ medium and together with XB produce a ‘ long ^ 

The factors governing bristles and their expression are independent of those 
for grain (K, B and I) and anther colours. 

REFERENCES. 

Ganvmie, G. A. (1911). Mem* Dept* Agric, Ind*^ BoU Ser, 4, 1* 

Saito, Syuiti (192iij. Jap* J* Genetics (Bef. in Bot. Ahsir* 14, 809. Entry No. 5324.) 



i 


STUDIES IN INDIAN CHILLIES. 


(3) THE INHEEITANCE OF SOME CHARACTEES IN GAPSIOUM ANNUUM L* 


BY 

EAMOHANDRA BALWANT DBSH.PANDE, M. Aa. (Bom.), 
Assistant to the Imperial Economic Botanist, Pusa, 

(Received for publication on 16tb August 1932). 

(With Plates XVI-XXI and eight text-figures). 

CONTENTS 

I. Ihteoduction . . . ... . • , , 

IL Technique oe hybbidization ..... - • 

HI. Bbsoeibtion oe parents and Fi . , . . . . 

IV. The Fj generation . . . ... . 

V. The Fg Fs generations . ... 

VI. The back-cross generation . .... 

Vn. Theory . . ... . . . . . . 

VIII. Application of theory to observed results . . . . 

IX. Discussion. . . . . . . . . . 

X. Summary and conclusion . ... .... 

XL Beeerences . . . . . . 


Page. 

219 

222 

223 

226 

228 

283 

288 

289 

297 

299 

300 


I. Introduction. 

The unit species in tMs crop have already been described [Shaw and Abdur 
Rahman Khan, 1928 ] and a study of the root-systems [ AH Mohammad and Desh- 
pande, 1929 ] has been made. The present paper deals with the inheritance of 
characters in a cross between two of the Piisa types. The work was undertaken with 
the object of investigating the genetical constitution of the types and also of pro- 
viding a ready and practical demonstration of Mendelian theory for the training of 
post-graduate students. The work has afforded an admirable illustration for this 
latter purpose and it seems desirable to publish the results, not only for their value 
as an original research, but also as an example which may be of use to others who 
are engaged in educational work in plant genetics. As a secondary object it was 
hoped that the cross might yield some strains of economic significance. Apart from 
high yield, what is desired in a commercial type is that the fruits should be long, 
* Accepted as a thesis for the degree of M. Ag. with distiuctioR by the University of Bombay. 
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thin, red and pungent and shonld, at the same time, contain as little moisture as 
possiljle. The advantage with thin fruits, which genercally possess very little mois- 
ture, is that the fruits dry up readily and retain a bright red colour, while thick 
fruits, which generally possess a high moisture percent., take longer to dry and very 
often get mouldy and lose their attractive bright red colour and hence fetch a lower 
price. 

Thoiigh red-friiited iypes are the principal types of commerce, it is said that in 
the UnitccI Provinces they prefer the yellow-frnited ones as they are believed to be 
more pungent than the red ones. However, both types of frnits are used, the 
yellow ones for their pungency, and the red ones for imparting an attractive red 
colour to the dishes. 

The thick, n on-pungent types, which are generally called vegetable chillies 
cannot really he included under the commercial varieties. The demand for such 
varieties comes especially from big towns and cities and is very limited. They 
can neither be kept long without disposal nor can they stand transit well* 
Because of the high moisture percentage which they contain they are very suscepfci- 
hle to rotting. 

No work has so far been puhlisLed in India on the breeding or genetics of this 
crop, though this genus has been subjected to critical genetical analysis elsewhere 
by investigators such as Halsted [1911, 1914, 1915 and 1916], Webber [1912], 
GxQth [imiBndB 2 ih[m 8 ymO]mTJ.&, A^Jkmo [1913, 1928] in Japan, 
and Atkins and SLerrad [1915] in England. 

The results of the present cross generally agree with those of most other 
workers differing only in a few minor details. This suggests that the Indian types 
of chillies do not materially differ in their genetic constitntion from those of other 
countries. 

Investigating the inheritance of purple or violet colour in this plant, Ikeno 
obtained a 3 violet : 1 non- violet ratio in P25 being a mosaic of purple and white 
or in other words intermediate for this character. He observed in Pg four different 
grades of imrple colour between the fully purple form of one parent and non-purple 
phenotype of the other parent ; his paper, however, does not give the frequencies 
of these phenotypes. He has merely grouped the purple individuals together and 
found out their ratio to the non- purple individuals. His Pg data, however, suggest 
a difference of more than one factor between the parents for this character. Had 
he carried his investigations to P3 he would almost certainly have reached the con- 
clusion that two factors are concerned in colour inheritance as we have done in this 
paper. 

With regard to fruit-position, ‘V pendent^' or erect Ikeno [1913], in Hs 
earlier investigations, got in Pj an intermediate condition and obtained in P*^ a 
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1 pendent : 2 intermediate: 1 erect, a monohybrid ratio. He imports that in 
there was dominance of erect condition in the young fniit but when the fruits 
matured they drooped. 

Ikeno 8 later investigations [ 1928 ], however, show that there was dominance 
of “ erect position in the in summer, while in the autumn the ‘'pendent” 
position was dominant. The transition from one condition to the other was 
gradual so that on one and the same individual both the kinds of fruits were to 
be seen. Ikeno attributes this change of dominance to the difference in tempera- 
tures in the two seasons. 

Dealing with the same character Webber obtained contrasting results in two 
different crosses. In one the ‘‘ pendent ” position, and in the other the “ erect ” 
was dominant. This indicates that the “ fruit-position ” in one of his two crosses 
was genetically different from that in the other, or in the light of Ikeno's results 
this difference in the behaviour of “ fruit-position ” in the two crosses may be 
the outcome of environmental influences. He also reports that there was vari- 
ability in the F^ of one of the crosses for this character which he a ttributes to 
impurity in one of the parents. 

As regards the inheritance of colour of ripe fruit, the results of all previous 
workers— Webber, Ikeno, Atkins and Sherrad— suggest dominance of red colour 
over orange on a 3 : 1 basis. 

Another character that gave conflicting results was the fruit-apex, pointed or 
blunt. Webber, in one cross, found F^ to be intermediate for this character and 
in Fg he got a 1 pointed : 2 intermediate : 1 blunt ratio, while in another cross the 
pointed condition was dominant. 

Coming to quantitative characters, the only character, barring leaf -size [Webber, 
1912 ], and dwarfishness of plant [ Dale, 1930 ], which has so far drawn the atten- 
tion of investigators is the ‘‘ size of fruit.” Ikeno, Webber and Groth obtained an 
intermediate F^, and found in Fg all forms ranging from that of the large parent on 
one side to that of the small parent on the other. Ikeno's results show a difference 
of four to five factors in the two parents for this character, Halsted did not fully 
realize the parental forms in Fg even in a population of about one thousand plants* 
This suggests that the pod size was influenced by a large number of factors in this 
case. 

The results of all these workers suggest that this size character in the pod of 
the chillies is due to additive or cumulative factors (of equal effect) giving an inter- 
mediate Pj and a normal distribution in Fg. 

Dale [1928], however, investigating the inheritance of length of fruit, got, 
instead of an intermediate P^, dominance of short fruit, and obtained in Fg a skew 
distribution in arithmetic classes instead of the normal distribution which would he 
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expected on the tasic of cnmukthe lectoie. He explain this behaviout of fmfr 
3a in his cross by saying that the factors involved for fnnt-length m thrs case 
ha4 proportionate ratjiin than additive etc* Tins “ 

normal distribution in logarithmic classes, a result, which was realised. 

II. Technique OR HYBRIDIZATION. 

The technique of hybridization in this plant is easy. Although the size of the 

flowers is somewhat sin;il, the flower structure is simple and no elaborate mam- 

^’''^*'Tre"flweTs''openin the morning, some time after sunrise the maprity openmg 
between 8 and 10 a.m. The anthers commence dehiscing an hour or so after d^h 
“3 of the tower. Both the opmring of the tower and 

are to a large extent, dependent upon weather conditions. Shaw and Abdur 
Kahman Khan [1928]. who have critically studied the biology of the flower, 
!btrdSlTon\old i well as on cloudy days the opening and dehiscence are 

^"^^£la.scwZa«io».--This must be done before t^^ W 

done early in the morning of the opening day of the ^ ® ^ ^ ^ 

evening. The latter is always safer. All opened flowers should be 

the mother plant. Buds which are due to open next mormng sweU up, and » 

of non-pigmented types, lose their greenish colour and appear white. ^ 

little experience one can easily know which of the buds mil open the next^^ 

Plump and healthy buds should be selected for the purpose of ™ 

the help of a pair of forceps the petals are easily parted and . 

number, removed. After emasculating a number of such buds on a plants ^ 

labels should be tied to them to distinguish them from unoperated ones. ® ^ ^ 
still is to slip over the buds on to the stalk a loop of some soft, coloured threa 
made up of two to three strands. The advantage with this over the former is that 
this very easily yields to the growing fruit-stalk and the danger of the fruit-stal 
being cut into by the thin thread of the label is eliminated. If there is no i^^tention 
of doing any emasculation on the following one or two days, all unoperated buds 
which are Hkely to open on these days must be removed and the whole _ plant 
covered with a muslin bag. Bagging the entire plant is preferable to bagpng in- 
dividual flowers as this saves time and trouble in tying and untying several bags. 

PoUination.—La^U in the morning or early in the afternoon of the foltowing day 
fresh flowers should be plucked from the intended male parent plant which has been 
previously bagged and poflen directly dusted on the stigmas of the emasculated 
flowers. The pollen is very dry and powdery and is easily dislodged from the 
antherswith a gentle shake. To facilitate pollination the petals of the pollen 
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flowers may l)e out off. After pollination the Bag should be replaced and labels 
denoting details should be tied outside the bag in. the usual manner. 

To avoid confusion and mistakes, one and the same plant should not be used as 
female parent for two or more diiierent crosses. 

Thin muslin bags have been found more satisfactory than paper bags as the 
setting under the latter is very low. 

Even one successful pollination ensures enough seed supply to grow the Ex* 

It has been found that at certain times of the season or during certain growth 
periods of the plant the percentage of setting is high while at others it is low or nil; 
it is therefore, important to select the right time foe pollination. Crossing is 
generally found to be successful when the plant is in full bloom and natural setting 
high. Pollinations should be avoided, as far as possible, during cloudy weather 
as setting is very low in such a weather. 

Selfing~T\im muslin bags ot the size 3 ft. 6 in. X 1 ft. 2 in. have been found 
very satisfactory for selfing a plant. Before bagging a plant all fruits and open 
flowers must be plucked. Whether the plant to be selfed is from a hybrid population 
or from a pure line, it should never be entirely covered if any characters are to be 
studied, but a branch should always be left out for observations as this saves the 
bother of untying and tying it every time a character is to be observed beside 
reducing the chances of accidental cross-pollination to the minimum. 

It was found necessary to shake the bags at noon every day as this dislodges 
the pollen from the anthers and helps in pollination. If this is not done the setting 
is found to be very poor. 

III. Descbiptton of parents and E|. 

For the purpose of tliis researcli two types which showed very sharply contrast- 
ing characters were chosen. The following is the description of the parents [Shaw 
and Abdur Rahman Khan, 1928j. 

Ty^ye 5. — Plants tall (66*0 cm.), intermediate in maturity, poor in bearing, 
annual; leaf 8*6 cm. x 4*2 cm., purple; flower one in the axil; pedicel nearly 
equal to the fruit ; corolla purple ; calyx not enclosing the base of the fruit ; style 
purple; stigma purple ; fruit short, globular, 1*2 cm. X 1‘4 cm., 3-celled, circular, 
in transverse section, erect, unripe purple becoming red when mature, apex blunt, 
flesh thick, average weight of a fresh ripe fruit 0*98 gram. 

Tyfe 29. — Plants very tall (83*0 cm.), late, prolific, annual; leaf 13*0 cm. X 
6*0 cm., dark green ; flower one in the axil ; pedicel shorter than the fruit ; corolla 
white ; calyx enclosing the base of the fruit ; style purple ; fruit long, 12*0 cm. X 
1*0 cm., 2-celled, elongated, circular in transverse section, pendent, unripe light 
green with moderate purple colour, becoming orange when mature, apex acu^e 
flesh thin, average weight of a fresh ripe fruit 6*6 grams. 
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We found that purple colour in the style of Type 29 was very variable— some 
flowers showing almost v?hite styles. 

The characters of the parents and the Fj are shown below (Tables I and II). 

It will be seen that the F^ is intermediate in most respects but that* red colour in 
the fruit is dominant to orange, the pendent position dominant to the erect, and 
'' calyx not enclosing fruit base dominant to enclosing fruit base 

In quantitative characters the F^ was intermediate for lengths of petal, fruit and 
fruit-stalk. The breadth of petal was less than that in either parent ; short pedicel 
was dominant to long pedicel; and greater weight of fruit (dry and undry) was 
dominant to lesser weight. In the following characters, however, the Fj showed 
heterosis ; — ^general vigour, maturity, height of plant, productivity (both in the total 
number of fruits produced and in the total weight of dry produce) and thickness of 
fruit. Some of the phenomena have been illustrated graphically and with the help 
of a photograph (Plato XVI, figs. 1 and 2 ). 

The reciprocal cross, Type 29 X Type 3, having failed, had to be repeated the 
following year. The F^, F 2 and F 3 results are in close agreement with those of the 
original cross, Type 3 X Type 29, 


Table L 

Description of the qualitative eharaoters of the imrents and 



Shoot 

Family 

Foliage colour 
^ in mass 

Lamina colour 

Petiole colour 

Stem Colour 

Type 3 parent 

Dark pui'piisli 
green 

Voung — dark green; 

margin apex, veins 
purplish. Old — ^upper 
surface dark purple; 
lower dark green; 
veins light purple j 

Purplish 

Woody portion with 
grey streaks ; herba- 
ceous, dark puiplo 

Type 29 i)arent 

Green . 

Green . . 

Green . . 

Woody portion grey ; 
herbaceous, green ; 
upper surface of 
very young branches 
light purple ; nodes 
purple 

Type 3 X Type 29 
and Type 29 x 
Type s, Fj 

Very dark 

green 

Dark green with a slight 
purple tinge ; margin 
and marginal veins 
purplish 

Green ; tipper 
surface jitir- 
plish 

Like Type 29 but 
purple colour more 
deep and young 
branches purplish 
ail over 

Remarks about Fj 

Intermediate 

Intermediate 

Intermediate j 

Intermediate 







Fig. 2.— Heterosis in Fj. Vigour and height of plant. 
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Table l—con1d. 


Description of the qualikiHi'e characters of the parents and jPj — contd. . 



Flower 

ifamily 

Calyx and 
pedicel colour 

Corolla colour 

Anther 

colour 

Filament 

colour 

Style 

colour 

I Stigma 

1 colour 

Type 3 liarent 

Greeiusli pur- 
ple 

Purple or white| 
splashed with 
purple ; mar- 
gin and apex 
of petal pur- 
ple 

Bluish pur- 
pie 

Purple . 

Pur|)le . 

Purple 

Ty|)e 29 parout 

Calyx green ; 
pedicel pur- 
j)Hsli at base 

White . 

Yellow at 
base ; pur- 
plish to- 
wards apex 

White , 

Variab 1 e ' 
from light 
purple to 
white 

Yellow 

Typo 3 X Type 29 
and Type 29 x 
Type 3, Fj 

Purplish green 

White with a 
light purple 
apex and 

margins ; co- 
lour some- 
times extend- 
ing inwards 

Light bluish 
purple 

i 

Light pur- 
ple ; near- 
ly white 
at base 

Light x>ur- 
pio 

Light pur- 
ple 

Remarks about Rji 

Intermediate 

Intermediate 

Intermediate 

Interme- 

diate 

Interme- ^ 
i diate 

Interme- 

diate 


Petot 


Family 

Fruit colour 

1 

Position 

Shape ; 

1 

Calyx 

Apex 

Base 

Seed 


Unripe 

Ripe 

colour 

Typo 3 parent 

Purple 

Dark red 

Erect 

Globose 

Not enclos- 
ing fruit- 
base i 

Blunt 

Bulged 

Reddish 

yellow 

Type 29 parent 

Green, ex- 
posed parts 
purplish 

Bright 

orange 

Pendent 

Elongate 

Enclosing 

fruit-base 

Pointed 

Non-bulged 

Yellow 

Type 3 x Type 
29 and Type 
29 X Typo 3, 

' 

Light pur-: 
pie 

Red 

Pendent 

Elongate 
and glo- 
bose at 
base 

Not enclos- 
ing fruit- 
base 

Partially 

pointed 

Bulged 

Reddish 

yellow 

Remarks about 

S’! 

Interme- 

diate 

i 

Rod do- 
minant 
to orange 

Pendent 
dominant 
to erect 

, 

Interme- 

diate 

“ Not en- 
1 closing ” 
dominant 
to ‘‘ enclos- 
ing 

1 

Interme- 

diate 

Bulged do- 
minant 
to non- 
bulged 

Inter- 

mediate 
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Table II. 


Description of the quantitative characters of the parents and the 



Types 

parent, 

mean 

Type 29 
parent, 
mean 

3? 

1 

Remarks 

about 

3?! 

Character 

9^pe3 X 
Type 29, 
mean 

Type 29 x 
Type 3, 
mean 

Length of petal in inm. 

9*46 

15*38 

11*05 

11*22 

Intermediate 

Breadtli of petal in ram. 

6-49 

7*04 

1 5*76 

5*81 

Less broad than either 
parent 

Like the short pe- 
dicelled parent, Le., 
short pedicel domi- 
nant to long 

Length of pedicel in mm. 

11*22 

24*29 

12-40 

11*59 

Length of fruit in. cm. . 

1*28 i 

11*05 

5*30 

5*44 

Intermediate 

Thickness of fruit in cm. 

1*56 j 

1*21 

1*78 

1*80 

Thicker than either 
parent 

Length of fruit-stalk in cm. 

2*06 

4*13 

3*10 

3*05 

Intermediate 

Height of plant in cm. . ’ 

89*80 1 

90*96 

98*24 

100*50 

Taller than either 
parent 

Somewhat like heavy 
fruited parent 

Weight of ripe, undried 
fruit in grms. 

1*67 

5*32 

4*50 

4*72 

Weight of ripe, dried fruit ; 
in grm. . 

0*40 

0*86 

0*91 

0*93 


Total number of fruits per 
plant 

121-90 

141*02 

203*34 

207*75 ‘ 

More prolific than 
either parent 

Total dry produce per plant 
in grms. 

48*76 

121*38 

185*08 

389*45 

1 

Greater than that in 
either parent 


IV. The Fi generation. 

Ttie hybrid seeds of the cross Type .3 X Type 29 were sown in dealwood boxes 
in the 1st week of August, 1928, and those of the reciprocal in the following year 
about the same time along with the seeds of the parents. The seeds germinated 
after about five days. Even at this early .stage the cotyledonary leaves and the 
hypocotyi showed the to be intermediate for purple colour. 

Within a short time after germination the F^ seedlings showed more rapid 
growth than the parental seedlings and at the time of transplanting were nearly 
one and a half times taller than the latter. Not only were they taller than the 
parental seedlings but were also much more vigorous. 

The seedlings were transplanted in the field in the beginning of September, at 
a distance of two-and-a-half feet between plants and between rows. The two 
parents were grown on either side of the Fj. Thirty plants were grown of the 
cross Type 3 X Type 29 and four of the reciprocal. 

The earlier observations as to the intermediacy of purple colour in the Fj were 
confirmed subsequently. The F plants were the first to flower and were earlier by 






' 





p;S;^;Sp 



STUDIES m INDIAN CHILLIES, 3 


227 ^ 


about a week than the earlier parent. The flowers were whitish with coloured petal 
margins, apices and central veins (Plate XVII). The colour extended also inwards 
a little, depending upon the illumination which a flower received. 

The next cpialitative character that was studied in the jilants was the 
'' fruit-position It proved to be very puzzling at the start as in the majority of 
P3L plants the few earliest fruits were either erect, intermediate (horizontal) or both. 
While in a few others all the fruits, including the earliest, were only pendent. 
Thus it was difl&cult to say, just at the beginning, as to which of the positions— 
pendent or erect-- was dominant or whether this character was intermediate, like the 
colour character. The real state of aflairs was revealed when all the subsequent 
fruits in all the plants were found to be pendent, suggesting that the pendent con- 
dition is dominant over the erect condition. Table III, given below, shows the 
behaviour of all the plants regarding the position of their fruits, and the 
photographs of two plants (Plate XVIII, figs. 1 and 2) illustrate all the three 
difierent fruit-positions — erect, intermediate and pendent — in one and the same 
individual. 

Table III, 


BeJimmur of plants for fruit-position. 


Plant 

No. 

No. of 
erect 
fmits 

No. of 

intermediate 

fruits 

No. of 
pendent 
fruits 

1 

Typo 3 : 

Type 29 

153 

'2 

5 

0 

178 


0 

0 

I7H 

4 

0 

0 

431 


0 

1 

423 

(> 

1 

0 

154 

7 

8 

0 

218 


3 

0 

265 

9 

0 

2 

383 

10* 

0 

0 

120 

11 

0 

0 

169 

12 

4 

4 

249 

13* 

2 

0 

202 

14 

0 

0 

269 

15* 

2 

0 

171 

16 

0 

0 

57 

. it: 

2 

0 

166 

18* 

0 

0 

146 

■ ■ . . . .19 ■ 

0 

3 

230 

20* 

3 - . 

■ o.'- ■ 

149 

21 

Died before flowering 


■ 22 ' 

I 

0 

T42 

23* 

J 

0 

140 


Plants selected for 
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Table III — contH. 


Plant 

No, 

No.of 

erect 

fruits 

No. of 
intermediate 
fruits 

No.of 

pendent 

fruits 

24 

2 

2 

208 

■ 

3 

0 

128 

26 

0 

I 

88 

27 

3 

0 

97 

28=** 

0 

0 

IIS)., 

29 

3 

0 

410 

30=*= 

2 

0 

163 


Type 29 

X Typo 3 



0 

0 

231 

2* 

2 

0 

198 

3=** 

0 

0 

2J4 

4''*= 

0 

0 

98 , 


* Hants selected for Fg 


The Fj fruitSj on ripening, were red proving the dominance of this colour over 
orange. The red colour, however, looked lighter due to the fact that the was 
less purple than Type 3 (Hate XIX), 

It was decided to self twelve plants of the cross Type 3 X Type 29 and all 
the four of the reciprocal to grow the Eg generation and so every third and fifth 
plant in the line was bagged in the former case and all the four in the latter. 
Setting was very good in each case and sufficient seed to grow a large Fg progeny 
was obtained. 


V. The Fg and Fg oenerations. 

The seeds of the twelve selected plants of Type 3 X Type 29 were sown in 
dealwood boxes, separately, in the first week of August, 1929, and those of the 
four of the reciprocal the following year, and seedlings were transplanted in the 
field by the end of August of the respective years. In uprooting the seedlings for 
transplanting care was taken to remove them starting from one side of the seed- 
bed to avoid selection as the coolies who are employed to do this work are apt to be 
partial to coloured or taller seedlings if this method is not insisted upon. 

One row, of ninety-six plants each, was given to the progeny of each of the 
twelve Fx plants of Type 3 x Type 29 thus making up the entire Fg population to 
number 1162. The object of growing such a large Fg population was obviously to 
enable realization of the recessive '' in qualitative characters and parental forms 
in quantitative characters if any of them were to be influenced by several factors. 
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The parents were also grown hj the side of the Fg, A line of 85 plants w^as giTen 
tn each of the foiif Fj plants of the recip^^ • 

A few plants died some time after transplantation due to attacks of wdiite ants 
and other insects, but care was taken to replace them with plants of the same colour 
■as far as possible. 

In all seventy-four plants, representing all possible combinations, were selected 
as parents of the Eg cultures of Type 3 X Type 29 and 54 of the reciproeal. They 
were bagged and Fg was grown from self eel seed except in those few cases where bag- 
ged seed was not obtained at all or was insufficient. 

The bagged plants were occasionally found infested with aphis and had to be 
exposed to the sun. During the time these were uncovered, care was taken to 
remove all flowers opening each day. Also as a precaution against mistakes a tag 
was tied to the base of a bagged branch or branches, to distinguish them from others 
not bagged in case of all those plants thus exposed. 

For the study of quantitative characters five measurements were taken on one 
plant for each character in the parents, F^^, Fg and Fg, selecting as far as possible 
variates to represent the average condition. Quantitative characters were not 
studied in Fg and Fg of the reciprocal, the population being small. 

In measuring lengths of fruits and fruit-stalks use of a stifl piece of twine was 
made as this enabled us to measure curved variates with accuracy and without 
much difficulty. Fruit was measured from its apex to the point of its attachment 
to the stalk, and the fruit-stalk from the point of its attachment to the calyx to 
its base. 

Thickness of fruit was measured at the thickest place with a pair of calipers. 

Length and breadth of petal were measured by keeping the petal flat on a graph- 
paper. Help of a smooth, flat petri-dish cover was taken to keep the petal flat and 
well spread. 

Purple colour. 

Type 3 parent has purple colour in all its vegetative and reproductive 
organs while Type 29 parent lacks it. The Fj was intermediate for this character 
and the population showed the following phenotypes : — 

(1) Purple grade * III (like Type 3), (2) Purple grade II (less purple than (1)), 
(3) Purple grade I, like F^ ; and Non-purple, like Type 29 (Plate XS)* 


* The abbreviations Fr. and gr. liave been used for Purple and grade respectivelyj[at places. 
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The Fg frequencies for each of the twelve Fj plants of Type 3 X Type 29 were 
as shown below :— 


Tyfe 3 X Type 29— F^- 


plant No. 

gr. Ill 

Purple 

gr.ll 

gr. I 

Non- 

purifie 

1 ' Total 

1 ■ ' 

3 

6 

14 

48 

28 

' :95 

6 

6 

21 

38 

26 

91 

8 

6 

18 

43 

26 

91 

10 

4 

14 

60 

28 

06 

13 

3 

14 

61 

22 

90 

16 

3 

36 

61 

18 

88 

18 

7 

22 

47 

16 

' 92 

20 

9 

16 

48 

19 

91 

23 

9 

19 

60 

18 

96 

25 

2 

22 

41 

0 

86 

28 

10 

14 

49 

20 

93 

30 

2 

14 

47 

29 

92 ■ 

Total observed 

66 

203 

663 

269 

1,100 

Total expected on 1 : 3 : 8 : 4 basis 

68-76 

206*25 

660 

275 

1,100 

Batio observed 

0-94 : 

2*96 : 

8*19 ; 

: 3*91 


Batio expected 

1 : 

3 ; 

; 8 

: 4 



^2=0*693, i.e., less than one, hence the fit is excellent. 

Combining all purples together and taking them against non-purples the follow' 
ing frequencies are obtained : — 




Purples 

Non-purples 



Total observed . 

• 

831 

269 

« 1,100 

Total expected on 3 : 1 basis 

. 

825 

275 

= 1,100 

Batio observed . . , . 

. 

• 3*02: 

0*98 


Ratio expected . , , . 


3 1 

1 



Deviation _ 6 _ „ 

Probable Error 9*62 
Tbe fit, therefore, is excellent. 


In the case of some families the observed frequencies do not show a very close 
agreement with theory ; as, however, the total frequency within a family is generally 
about 1*0 and the segregation is on a di hybrid ratio, this is only to be expected. The 
fit for the combined frequencies of all the families is good and as is shown below, 
the results of Pg confirm the F 2 tl^eory. 
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The following segregations occurred in the seventy-four cultures in Fg 


Frequencies 


No. of cultures in Fg and 
nature of parent plant in Fg 


Segregations 


Formulae 


4 cultures from purple grade Pure , • 

1X1 (like Type 3). 

1(5 cultures from purxde grade Pure » . 

II (intermediate between 

purple grade III and grade I). Pr. gr. II Pr. gr. III 

3 : 1 

31 cultures from purple grade Like Fg . . 

I(IikeFi). 

Pr. gr. Ill Pr. gr. I 
1 ; 2 : 
Non-purple 
1 

Pr. gr. II Pr. gr. I 
1:2 

Non-purple 

1 


Observed Expected 
4 . 


Aabb 

faaBB 


23 non-purple culi-ures . 


All non-purple 


Type 29 X Type 3— F^. 


Total observed 

Total expected on 1 : 3 : 8 j 4 
basis 

Batio observed 
Ratio expected 


x*=l* 62 . 

P « 0*68. Therefore, the fit is good. 


Purple 

Non- 

Total 

gr. Ill 

gr. II 

gr. I 

purple 

4 

13 

46 

23 

86 

1 

13 

42 

29 

85 

8 

17 

41 

18 

84 

6 

13 

48 

17 

84 

19 

66 

177 

87 

339 

21*19 

63*57 

169*50 

84*75 

339*01 

0-89 : 

2*64 : 

8*35 ! 

t 4*10 


1 ! 

3 : 

8 

: 4 
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Combining all purples together and taking them against non-piirples the follow- 
ing freqiiencies are obtained 

Purples Non-purples 


Total observed . • . . t 252 87 ==339 

Total expected on 8 ; I basis . . 254*25 84*75 —339 

Ratio observed . . , . . 2*97 ; 1*03 

Ratio expected * . , . . 3 ; 1 


Peviation 2*25 _a. 4 « 

Probable Error 5^34 

Tborefore, tbe fit is good, 

Type 29 x Type S—F^. 
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The behavionr of I 3 , therefore, confirms the theory that the cross shows dihy* 
brid segregation for colour in plant. 

Fruit-position. 

Type 3 has erect fruits while the fruits of Type 29 are pendent. The Fj had 
pendent fruits excepting the earliest fruits in the ma jority of the plants which were 
either erect or intermediate. Eeference to this has already been made in describe 
ing the E\ (page 227, Plate XVIII). 

The Fg population showed the following phenotypes and frequencies : — 

Type 8 X Type 29— F 2 ,* 


Pi plant No. 

Pendent- fruited 
plants 

Erect-fniited 

plants 

Total 

3 

69 

26 

95 

5 

63 

27 

90 

8 

70 

21 

91 

10 

74 

22 

96 

13 

68 

20 

88 

15 

61 

26 

87 

18 

69 

23 

92 

20 

68 

23 

91 

23 

78 

18 

96 

25 

65 

20 

85 

28 

70 

23 

93 

30 

69 

23 

92 

Total observed 

824 

272 

1,096 

Total expected on 3 ; 1 basis 

822 

274 

1,096 

Batio observed 

3-01 

! 0*99 


Batio expected • 

3 

: 1 



Deviation 


2 


Probable Error 9*66 
The fit, therefore, is excellent. 


=0*207« 



1*2 plant No. 


23 

69, 72 
70 
42 
64 
81 
4, 6 
75 
13 
7,69 


All pendent 

Intermediate and pendent 
Erect and pendent 

5» »» • 

9* 9* • 

9f 99 • 

All pendent 
Erect and pendent 
All pendent . • 

Erect and pendent 


Intermediate and pendent . 

99 99 • 

Erect and pendent 

»» 99 • • 

99 99 • • 

Erect, intermediate, pendent 
Erect and pendent 
Intermediate and pendent . 
Erect and pendent 

99 9 * • 


Ereqtjenoti2s 


No. of cultures in Fg and 
nature of parent plant in Eg 


Observed 


Expected 

16-67 

33-34 

■24 


El condition 


Eg condition 


Some of the Fa plants had, as in Fj, their early fruits either erect or inter- 
mediate or both, the subsequent fruits, however, remaining pendent. 

These Fj plants were not necessarily from those Fj plants which had showed 
similar behaviour as will be seen from Table IV. 


Ej plant 
No. 

(T. 3 XT. 29) 


Even tlioiigh the plant Nos. 23 and 26 of Type 3xType 29 and No. 2 of the 
reciprocal had, in F;^, their earliest fruits erect (1 in No. 23 and 8 in No. 26 in the 
former case and 2 in No. 2 in the latter), in F 2 , both had only pendent fruits. 
This indicates that there is absolutely no correlation between one generation and 
the next as regards this aberrant behaviour in the position of fruits. 

Out of the seventy-four F^ cultures, fifty were from pendent-fruited plants and 
twenty-four from erect-fruited plants. Their behaviour in Fg was as follows - 


Segregations 


Eormulse 
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Table TV. 


50 cultures from pendent- Pure . 
fruited plants 

Pendent Erect . 
3 : 1 

24 cultures from erect-fruited Pure • 
plants 
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Type 29 x Type 


El plant No. 

Pendent-fruited 

plants 

Erect-fruited 

plants 

Total 

1 

62 

19 

81 

2 

57 

21 

78 

3 

60 

22 

82 

4 

, 1 

66 

13 

78 

Total observed 

244 

75 

319 

Total expected on 3 : 1 basis 

239*25 

79*75 

319 

Batio observed 

3*06 

: 0*94 


Batio expected 

3 

! 1 



PeviatioK _ 4*75 

Probable Error 5-18 
Th,6 fit is good. 


Type 29 X Type 3 — F^, 


No. of cultures in Eg and 

Segregations 

Eormulte 

i 

Ebequekcies 

nature of parent plant in E^ 

Observed 

Expected 

45 cultures from pendent-fruited 
plants 

Pure 

PP 

19 

15 

Pendent Erect 

3 ; 1 

Pp 

26 

30 

13 cultures from erect-fruited plants 

Pure 

PP 

13 

13 


The Pg results agree fairly well with the monoliyhrid segregation ob a 3 : 1 
basis in Pg though the deviation from the expected numbers in the case of the 
behaviour of pendent-fruited cultures of Type 3 X Type 29 is rather high. 
However, the back-cross further confirms the above results (page 286). 

Colmr of ripe fruit 

The ripe fruits of Type 3 parent are red and the purple colour in the plant 
gives them a dull or darkish appearance. Type 29 has bright orange ripe fruits. 
The P| was red-fruited with a less dull tinge (Plate XIX). 
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The Fg population showed the following phenotypes and frequencies 


S X Tyfe 29 — F^. 


Fj plant No. 

Eed-fruited plants 

Orange-fruited 

plants 

Total 

3 

70 

23 

93 

5 ■ 

70 

10 

. ,80 

S 

67 

23 

00 

10 

73 

22 

'■ ■ 

13 

73 

1 ' 15 

m 

15 

60 

17 

■ 86 

18 

60 

23 

■02' ' 

20 

62 

26 

88 

23 . 

74 

21 

95 

25 

68 

16 

84 

28 

67 

25 

92 

30 

63 

27 

00 

Total observed 

825 

257 

1,082 

Total expected on 3:1 basis 

811-6 

270-5 

1,082 

Eatio observed 

3*05 

: 0*95 


Eatio expected 

3 

: 1 



Deviation 

Probable Error^O-GO-^’^ 
The fit is, therefore, good. 


The behaviour of red- and orange-fruited Fg plants in Fg was as follows 


No* of cultures in Eg and 
nature of parent plant in Eg 

Segregations 

Eormulse 

Erequenoibs 

Observed 

Expected 

56 cultures from red-fruited plants , 

Pure 

EE 

16 

18*67 


Eed Orange 





3 : 1 


40 

37*34 

18 cultures from orange-fruited plants 

Pure 

rr 

18 

18 
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Type 29 x Type 3—F^, 


Ej plant No. 

1 

Red-fruited plants 

Orange-fruited 

plants 

Total 

1 

69 

11 

80 

2' 

54 

23 

77 

3 

62 

20 

82 

4 

52 

23 

' 75 

Total observed 

237 

77 

314 

Total expected on 3:1 basis 

235*5 

78*5 

314 

Ratio observed 

3*02 

* 0*98 


Ratio expected 

3 ; 

: 1 



Deviation 1*5 

Probable Error 5*14 

Tbe fit is good. 


Type 29 X Type 3— 


No. of cultures in Fg and 
nature of parent plant in Fa 

Segregations 

Formulae 

Frequencies 

Observed 

Expected 

45 cultures from red-fruited plants . 

Pure 

RR 

13 

15 


Red Orange 

3 : 1 

Rr 

32 

30 

13 cultures from orange-fruited plants 

Pure 

rr 

13 

13 


Tlie results, therefore, confirm the Fg segregation on a monohybrid basis. 
This is further confirmed by the back-cross (page 288). 


Fruit-apex. 

The fruit of Type 3 has a blunt apex while that of Type 29 has pointed. The 
fruit was partially pointed, or, in other words, it was intermediate for this 
character. In Fg the following phenotypes and frequencies were observed. 










As it was found difficult to classify the fruits into “pointed” and “partially 
pointed ” classes due to variation oh the same plant, the fruits belonging to both 
these classes have been included in one group. Because of this reason in Bg a few 
cultures with typically “ pointed ” and typically “ partially pointed ” apices were 
only observed and by chance all the former proved to be homozj^gous and all the 
latter heterozygous as would be expected on theory. The results of Pg observations 
are shown below. 


No. of cultutes in Eg and 

nature of parent plant in Fa 

Segregations 

Formula) 

1, 9 cultures from i>lants with pointed 

fruits 

Pure, 

dd 

1 , . 14 cultures from plants with partially 

i ,, pointed. fruits 

LikeFg . . . 

Bd 

1 13 cultures from plants with blunt 

Pure; , . 

BB 

1 fruits 



Frequencies 

Observed 

Expected 

0 

9 

U 

14 

12 

13 
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Type 8 X Type 29— F^. 


[ ill. II. 


Fj plant No. 

i 

Pointed and 
partially 
pointed apex 

Blunt apex 

Total 

S 

70 

18 

88 

5 

67 

18 

85 

8 

60 

27 

87 

10 

75 

17 

92 

13 

67 

20 

87 

16 

63 

22 

86 

IS 

61 

29 

90 

20 

61 

20 

81 

23 

67 

26 

93 

25 

66 

25 

81 

28 

69 

23 

92 

30 

78 

14 

92 

Total observed 

794 

269 

1,053 

Total expected on 3 ; 1 basis 

789*75 

263*25 

1,053 

Ratio observed 

3*02 : 

1 0*98 


Ratio expected 

3 ! 

: 1 



Peviation _ 4*26 
Probable Error""" 9*47 
The fit, tborefore, is excellent. 
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Tyjie 29 X Ty^e 3 — F^. 


Fj plant No. 

Pointed and 
partially 
pointed apex 

Blunt apex 

Total 

1 

68 

22 

80 

.2 

68 

23 " 

81 

S 

63 

17 

80 

4 

61 

16 

77 

Total observed 

240 

78 

318 

Total expected on 3 2 1 basis • 

23S-6 

79-5 

3lS 

Batio observed 

3-02 

: 0-98 


Batio expected 

3 

: 1 



Deviation _ 1»5] _q.oa 
P robable Error 6*21 
The fit is excellent. 


Type 29 X Type 3—F^. 


No. of cultures in Es and 

Segregations 

Eormulse 

Erequenoies 

nature of parent plant in Eg 

Observed 

Expected 

7 cultures from plants with pointed 
fruits 

Pure . . • • 

dd 

7 

7 

12 cultures from plants with partially 
pointed fruits 

Like Eg 

Dd 

12 

12 

9 cultures from plants with blunt 
fruits 

Pure • . . • 

DD 

9 

9 


The Fg results confirm the monoliybrid segregation io Fg. 

All the 13 cultures from plants with blunt fruits in Type 3 X Type 29 should 
be pure on theory but one was found to segregate like Fg. The Fg diagnosis in this 
case seems to be wrong. 







Not-bulged 


Bulged 


Total 


237 

204: 

0-89 

1 


819 

792 

3*11 

3 


Deviation 27 

Probable Error ~"9 j9 “ * 

The fit, therefore, is fairly good. 

There were nine doubtful cases which have not been taken into account. 
The following segregations occurred in Pg 


Formulse 


Ereq.aencies 


Observed 

Expected 

6 

6 

11 

9*66 

18 

19*32 
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Fruit-base. 

The fruit-base of Type 3 is roundish or bulged while that of Type 29 is merely 
cylindrical or not bulged at base. The Fj plants segregated for this character as 
follows 

Type SxType 29-F^. 


F, plant Mo. 


Total observed 
Total expected on 3 ; 1 basis 
Eatio observed 
Batio expected 


Ho. of cultures in Eg and 
nature of parent 
plant in Fa 


Segregations 
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Type 29 X Type 3— F 


plant No. 


Bulged Not-bulged 


Total 


1 

2 

n 

4 

Total observed 
Total expected on 3 : 1 basis 
Batio obseirved 
Batio expected 


Deviation 10*5 _ ^ ^ 

Probable Error 5*21 
Tbe fit is good. 

Tyj)e 29 X Type 3—F^. 


No. of cultures in Ej and 

nature of parent Segregations 

plant in 


7 cultures from ])lants with Pure 

frait-base not bulged ” 

21 eoltures from plants with Pure 

fruit-base “ bulged ” 

Like Eg 


The observations in Eg confirm the Ejj results. 


Oalyxbe'hamour,‘' enclosing fruit-base” or “not enclosing fruit-base”. 

The base of the fruit of Type 3 is not enclosed by the calyx while that of 
Type 29 is enclosed (like the finger-tip by a thimble). Calyx of the Pj fruit 
to enclose the base in the earlier stages hut later due to bulging of base of 
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remained unenclosed. The Fj plants showed the following phenotypes and fre- 
quencies in Fa • — 

Type 3 X. Type 29 — F^. 


El plant No. 

Eruit-base 

not 

enclosed 

Eruit-base enclosed 

Total 

3 

64: 

27 

91 

5 

67 

19 

86 

8 

72 

18 

90 

10 

72 

22 

94 

13 

65 

18 

83 

15 

67 

19 

86 

18 

72 

17 

89 

20 

63 

17 

80 

23 

82 

12 

94 

25 

68 

17 

86 

28 

70 

13 

92 

30 

62 

28 

90 

Total observed 

833 

227 

1,060 

Total expected on 3 1 1 basis 

795 

265 

1,060 

Eatio observed 

3*15 5 

t 0*85 


Ratio expected 

3 ; 

! 1 



Deviation 38 __o.aa 

Probable Error 9*51 ” * 

!Ph.6 fit, therefore, is bad. There were eleven doubtful eases whieh have been omitted. If they all 
be added to the class in which there is deficiency, the fit imj>roves as shown below. The deviation 
becomes 29*75 and probable error 9*5. 

Deviation _ 29*75 
Probable Error 9*51 * 


The following segregations were observed in F* 


No. of cultures in Ej> and 
nature of parent 

plant in Ea 


29 cultures from plants with 
fruit -base “ not enclosed ’ ’ 

6 cultures from plants with 
fruit-base “ enclosed 


Segregations 

B'ormulee 

Pure 

EE 

likeEa 

Ee 

Pore 

ee 


Ereq^uencies 


Observed Expected 
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Type 29 X Type 3—F^. 


Fii^lantNo. 

Fruit-base 

not 

enclosed 

Fruit-base enclosed 

Total 

1 

57 

23 

80 

2 

57 

24 

81 

3 

58 

22 

80 

4 ' 

56 

21 

77 

Total observed 

228 

90 

318 

Total expected on 3 : 1 basis 

238*5 

79-5 

318 

Ratio observed 

2*87 

1*13 


Ratio expected 

3 

1 



Deviation 10*5 

Probable Error """ 5*21“” 

Tbe jfit is good. 

Type 29xType S~F^. 


No. of cultures in F3 and 
nature of parent 
plant in Fa 

Segregations 

i 

FormuliB 

1 Frequencies 

Observed 

Expected 

21 cultures from plants with 

Pure 

EE 

6 

7 

fruit-base “ not enclosed ” 

Like Fa 

Ee 

16 

14 

7 cultures from plants with 
fruit-base “ enclosed ” 

Pure 

ee 

7 

7 


The Eg observations confirm tfie Fa results. 


Colour in slyle^ stigma^ anther and unri'pe fruit 

The colour in these organs was found to be completely linked with the vegeta- 
tive colour. Whenever there was purple colour present in the vegetative part of a 
plant these organs were purple. When this purple colour was absent the style 
remained light purple or white ***, stigma yellow, anther bluish-yellow, and unripe 
fruit green, except a light purple patch on the exposed side. 

Seed-colour. 

The seed-colour was linked with the colour of fruit. Red fruits had reddish- 
yellow seeds while orange or yellow fruits had yellowish seeds (Plate XIX). 

The mmber of loeules in the fruit 

The number of loonies in Type 3 fruit varies from two to three, while in 
Type 29 the number is always two. The Pj had two-loculed fruits. In hhe 

Tbe study of the inheritauce of the purple colour in the style of Type 29 was rendered difficult 
due to the variation in colour (from coloured to white) in the same plant and hence had to be 
abandoned. It should be remembered that this purple colour in the style of Type 29, which is light, is 
quite distinct from that present in Type 3. 
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niinil)er varied from two to even five in the same plant although the thin fruits 
were invariably two-loculed. Because of this variability this character was not 
further studied. 

Fniit-shape, 

Type 3 has globose fruits and Type 29 elongate. had elongate fruits but 
nearly globose at base., that is, had partly taken both the characters, one from 
each parent (Plates XIX and XXI). 

In ^ population of over a thousand, only six plants had round or 

roundish fruits ' but they were not in any way as round as the fruits of Type 3 
(Plate XXI). In Fg all the above cultures segregated with all shapes from per- 
fectly round to short and conical fruits. This suggests that the Type 3 parental 
shape was not realized in and that this character is influenced by a large number 
of factors. 

Each of the foregoing characters has been considered independently so far but 
now an attempt has been made to show the behaviour in the case of certain quali- 
tative characters, ma:., purple colour, fruit-position and colour of ripe fruit, when 
any two of them or all the three are considered together as follows : — 

Purple coloiir in plant and fruit-position together. 


Type SxType 29 — 


Fi plant No. 

! 

PtrBPi.E 

Non-purple 

Total 

Or. Ill 
pendent 

Or. Ill 
erect 

Gr. II 
pendent 

Gr.Il 

erect 

Gr. I 
X^endent 

Gr, I 
erect 

Pendent 

, ... 1 

Erect 

3 1 

5 

0 

12 

2 

29 

19 

23 

5 

95 

, . 5 ■ 

4 

2 


3 

24 

15 

18 

7 

90 

8 • ■ , ! 

3 

1 

14 

5 

33 

10 

20 

5 

91 

10 ! 

3 

1 

9 

5 

39 

11 

23 

5 

96 

n 

2 

1 

10 

4 

39 

11 

17 

4 

k'. ■' 88. 

15 

3 

0 

12 

4 

34 

16 

12 

6 

87 

18 

6 

1 

16 

6 

36 

11 

11 

5 

92 

20 

5 

3 

14 

2 

37 

11 

13 

6 

91 

23 

7 

2 

15 

4 

41 

9 

15 

3 

96 

25 

2 

0 

15 

7 

31 

10 I 

17 

3 

85 

28 

9 

1 

9 

5 

36 

13 1 

16 

4 

93 

30 " , ! 

, i 

: 2 ':, ' 

0 

12 

2 

34 

13 

21 ^ ’ 

8 

"■ ■■92 '■ 


Total observed 

51 

12 

155 

49 

413 

149 

206 

61 

1,096 

Total expected , 
on trihybrxd 
basis 

51 -36 

17-12 

154-08 

51-.36 

410-88 

136-96 

205*50 

68*50 

1,096 

Ratio observed 

’ 2*98; 

! 0*70 : 

■ 9*05 : 

: 2-86 

: . 24-12 

: 8-70 : 

: 12-03! 

: 3-56 


Ratio expected 

3 ; 

1 i 

■ ' ^ ^ ■ ■ ■ 

: 3 

: 24 

: 8 ! 

:,:.12""'",;! 

! ,4 ■ " 



; P=0*81. The fit, therefore, is excellent. 
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Grouping all tlie three grades of purple colour together the following pheno- 


types and frequencies are obtained : — 



Purple 

I pendent 

Purple 

erect 

Non-purple 

pendent 

Non-purple 

erect 

Total 

Total observed 

618 

211 

206 

61 

1,096 

Tota.l expected on 

0:3:3: 1 basis 

616*5 

205*5 

205*5 

68*5 

1,096 

Ratio observed 

9*02 ; 

3*08 

3*01 : 

: 0*89 


Ratio expected 

9 : 

3 i 

! 3 ; 

: 1 



^2=0‘972. The fit, therefore, is excellent. 


The following segregations were observed in ; — 


No. of culture in P3 and 
nature of parent 
plant in P2 

Segregations 

Pormubc 

PBEQtTENOXES 

Observed 

Expected 

2 cultures from purple gr. 

Pure , . , . . 

AABBPP 

0 

0*66 

Ill, and pendent -fruited 
plants 

Pr. Pr. 

gr. Ill gr. ni 
pendent erect 

3:1 ... 

AABBPp 

2 

1-32 

2 cultures from purple gr. 

Pure . . . . 

AABBpp 

1 2 

2 

Ill, and erect-fruited 
plants 

12 cultures from purple 

Pure ..... 

AAbbPP 

2 

1‘33 

gr. II and pendent- 
fruited plants 

Pr. Pr. 

gr. II gr. Ill 
pendent pendent 

3 : 1 . . 

AABbPP 

1 

2*67 

1 

Pr. Pr. 

gr. II gr. II 
pendent erect 

3 : 1 . . . 

AAbbPp 

1 

2*67 


Pr. Pr. 

gr. II gr. 11 
pendent erect 

9 : 3 : 

Pr. Pr. 

gr. Ill gr. Ill 
pendent erect 

3 : 1 

AABbPp 

8 

5*34 

4 cultures from purple gr. 

Pure . . ... 

AAbbpp 


1*3 

II and ereet-fniited 
plants 

Pr. Pr. 

gr.II gr.III 
erect erect 

3 : 1 . . . 

AAbbPp 

1 

2*6 
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No. of cultures in F3 
and nature of parent 
plant in Fg 


19 cultures from purple 
gr. I and pendent- 
fruited plants 


12 cultures from purple 
gr. I and erect-fruited 
plants 


Segregations 

FormulsD 

Pr. 

Pr. 

Non-pr. 



gr. in 

gr. I 

pendent 



pendent pendent 




1 ; 

2 : 

1 


AaBBPP 

Pr. 

Pr. 

Pr. 



gr.m 

gr.m 

gr. I 



pendent 

erect 

pendent 



a : 

1 : 

6 j 



Pr. 

Non-pr. 

Non-pr. 



gr. I 

pendent 

erect 



erect 





2 : 

8 : 

1 

• • 

AaBBPp 

Pr. 

Pr. 




gr.m 

gr.n 




1 pendent pendent 




1 : 

3 : 




Pr. 

Non-pr. 




gr. I 

pendent 




pendent 





8 ; 

4 

• 

« » 

AaBbPP 

Pr. 

Pr. 

Pr. 

Pr. 


gr.m 

gr.in 

gr.II 

gr.II 


pendent 

erect 

pendent 

erect 


a : 

1 

9 : 

3 : 


Pr. 

Pr. 

Non- 

Non- 


gr. I 

gr. I 

pr. 

pr. 


pendent 

erect 

pendent 

erect 


24 : 

8 : 

12 : 

4 

AaBbPp 

Pr. 

Pr. 

Non- 



gr.II 

gr. I 

pr. 



1 pendent pendent pendent 



1 : 

2 : 

1 

« • 

AabbPP 

Pr. 

Pr. 

Pr. 



gr.II 

gr.II 

gr. I 



pendent 

erect 

pendent 



a : 

1 : 

6 : 



Pr. 

Non- 

Non- 



gr. I 

pr. 

pr. 



erect 

pendent 

erect 



2 : 

3 

1 

• • 

AabbPp 

Pr. 

Pr. 

Non- 



gr.m 

gr. I 

pr. 



erect 

erect 

erect 



1 

2 

1 

» . 

AaBBpp 

Pr. 

Pr. 




gr. Ill 

gr. II 




erect 

erect 




1 

3 




Pr. 

Non- 




gr. I 

pr. 




erect 

erect 




8 

4 

* 

« • 

AaBbpp 

Pr. 

Pr. 

Non- 



gr.II 

gr. I 

pr. 



erect 

erect 

erect 



1 

2 

1 

* 

Aabbpp 


Fbequencies 


Observed 

Expected 

1 

1-6 

6 

3‘2 

0 

3*2 

6 

I 

6*4 

1 

1*6 

5 

3*2 

3 

3 

. r ' 

6 

2 

3 
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No. of cultures in Fa 



Fbequbnoies 

and nature of parent 

plant in Pg 

Segregations 

Formulas 

Observed 

Expected 

17 cultures from non- 
purple pendent-fruited 
plants 

Non-purple pendent , , 

Non- Non- 

aaBBPP 

aaBbPP 

aabbPP 

5 ■ 

6-66 


purple purple 
pendent erect 

3 : 1 . . . 

aaBBPp 

aaBbPp 

aabbPp 

12 

1P82 

6 cultures from non- 
purple erect-fruited 

plants 

All non- purple erect . 

aaBBpp 

aaBbpp 

aabbpp 

6 

6 


Type 29 X Type S~F^. 





PUBPLB 



Nojt-ptjeplb 


Fi plant No. 

Gr. Ill 
pendent 

i 

Gr. Ill 
erect 

Gr.II 

pendent 

Gr.II 

erect 

Gr.I 

pendent 

Gr.I 

erect 

Pendent 

Erect 

Total 

1 

2 

1 

10 

3 

32 

10 

18 

6 

81 

2 

1 

0 

H 

5 

30 

9 

18 

7 

78 

3 

7 

0 

12 

6 

28 

12 

13 

6 

82 

4 

4 

0 

9 

3 

38 

7 

14 

i ^ * 

1 

78 

Total observed 

14 

! 

1 

39 

16 

128 

38 

63 

20 

319 

Total expected 
on trihybrid 
basis 

14*7 

4*9 

44*1 

14*7 1 

119*4 

39*8 

69*7 

19*9 

317*2 

Eatio observed 

2*86 

: 0-20 

! 7*90 

; 3*27 

: 26*12 

: 7*75 

: 12*86 

: 4-08 


Eatio expected 

3 

! 1 

: 9 

: 3 

! 24 

: 8 

: 12 

: 4 



j^ 2 __ 4 - 7 i 35 j p=0‘69. The fit, therefore, is good. 

Grouping all the grades of purple colour together the following frequencies are 
obtained 



Purple 

pendent 

Purple 

erect 

Non'^purple 

pendent 

Non-purple 

erect 

Total 

Total observed 

181 

66 

63 

20 

319 

Total expected on 9 ; 3 : 3 : 1 
basis 

179*1 

69*7 

69*7 

19-9 

318*4 

Ratio observed 

9*09 : 

2*76 

: 3*17 i 

f 1*01 


Ratio expected 

9 s 

3 ! 

1 3 : 




5^2=0‘67 . The fit, therefore, is excellent. 


I 
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Pi' I 

P; 

r 





Type 29 X Type 3 — 


No, of cultures in Fg 
and nature of parent 
plant in 

Segregations 

FormuPe 

^ Fbequencies 

Observed 

Expected 

2 cultures from purple 
gr, ill and pendent - 
fruited plants 

Pure 

Pr. 

gr. Ill 
pendent 

Pr 

gr.m 

erect 

AABBPP 

1 

0-66 


3 : 

1 ... 

AABBPp 

1 

;/p32' 

11 cultures from purple 
gr, 11 and pendent-fruit- 
ed plants 

Pure . . . . 

Pr. Pr. 

gr. II gr. III 
pendent pendent 

AAbbPP 

. 2 

,1*22 ' : 


3 : 

1 . . 

AABbPP 

3 

2-44 


pr. 
gr. 11 
pendent 

Pr. 
gr. II 
erect 





3 : 

1 ... 

AAbbPp 

0 

2-44 


Pr. 
gr. 11 
pendent 

Pr. 

gr.II 

erect 





9 ; 

3 : 




i 

1 

1 

Pr. 

gr. m 
pendent 

Pr. 

gr. Ill 
erect 


i 


i 

3 : 

1 . . 

AABbPp 

6 

4*88 

4 cultures from purple 
gr, II and erect-fruit- 
ed plants 

Pure 

Pr. 
gr. II 
erect 

Pr. 

gr. III 
erect 

AAbbpp 

2 ■ , 

P3 


3 ; 

1 . . • 

AABbpp i 

2 

2-6 

19 cultures from purple 
gr. I and pendent-fruited 
plants 

Pr. Pr. 

gr. Ill gr. I 
pendent pendent 





1 ; 

2 : 





Non- 

purple 

pendent 






1 


AaBBPP 


1-6 
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No . of cultures iu Eg 
and nai ure of jjarent 
plant in Eg 


Type 29 X Type S—F^. 


Segregations 

Formula) 

F'bkqubiscies:, / 

Observed 

'Expected 

;pr. 

Pr. 





gt. m 

gr. m 





pendent 

erect 





3 : 

1 





Pr. 

Pr. 





gr. I 

gr. 1 





pendent 

erect 





6 : 

2 





Non- Non-purle 





purple 

erect 





pendent 






3 : 

1 

* * » 

AaBBPp 

2 

3-2 

Pr. 

Pr. 





gr. ni 

gr. U 





pendent pendent 





1 : 

3 





Pr. 

Non- 





gr* I 

purple 





pendent pendent 





8 ; 

4 

e « • 

AaBbPP 

5 

3*2 

Pr. 

Pr. 





gr.in 

gr.in 





pendent 

erect 





3 : 

1 





Pr. 

Pr. 





gr.n 

gr.II 





pendent 

erect 





9 : 

3 : 





Pr. 

Pr. 





gr. I 

gr. I 





pendent 

erect 





24 : 

8 : 

1 




Non- 

Non- 





purple 

purple 





pendent 

erect 





12 ; 

4 

• • . 

AaBbPp 

2 , , 

6*4 

Pr. 

Pr. 

Non- 




gr.Il 

gr. I 

purple 




pendent pendent 

pendent 



, 

1 : 

2 ; 

1 

AabbPP 

3 

P6 

Pr. 

Pr. 

Pr. 




gr.II 

gr.II 

gr. I 




pendent 

erect 

pendent 




3 : 

I : 

6 i 





H 
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Purple colour and colour of ripe fruit together. 
Type 3 X Type 29— 


Pi plant No. 

PUEPLE 

NON-PtrEPLE 

Total 

Gr. Ill 
red 

Gr. Ill 
orange 

Gr. II 
red 

Gr. n 
orange 

Gr. I 
red 

Gr. I 
orange 

Bed 

Orange 

3 ' 

' 5 

0 

11 

1 

33 1 

16 

21 

7 

93 

■ .5 

5 

1 

18 

2 

30 

9 

17 

7 

89 

. 8 ■ . 

3 

1 

U 

5 

32 

11 

18 

6 

90 

10 " 

3 

I 

13 

1 

40 

9 

17 

11 

95 

13 

1 

2, 

12 

2 

43 

7 

17 

4 

88 

.15' 

■ '3 ' '■ 

0 

12 

4 

38 

11 

16 

2 

86 

18, 

■ 3 

■ 4-. ■ 

15 

7 

37 

10 

14 

2 

92 

20 

7 

1 

12 

3 

33 

14 

10 

8 

88 

23 

■ 8 , 

0 

16 

3 

40 

10 

10 

8 

95 

25 

1 

1 

20 

2 

33 

7 

14 

6 

84 

28 

9 

1 

14 

0 

31 

17 

13 

7 

92 

30 

2 

0 

10 

3 

33 

14 

18 

10 


Total observed 

50 

12 

167 

33 1 

423 

134 

185 

78 

1082 

Total expected 

50-7 

16*9 

152T 

50*7 

405*6 

135*2 

202*8 

67*6 


on trihybrid 










basis 










Deviation 

—0*7 

— 1-9 

■fl4-9 

»-17‘7 

+17*4 

—1*2 

—17*8 

+10*4 


Batio observed 

2-9G * 

0-71 : 

9*89 

: D95 : 

: 25*03 : 

7*93 : 

; 10*95 

4*62 


Ratio expected 

3 * 

1 : 

;■ 9 ; 

: 3 : 

; 24 : 

8 : 

12 : 

4 



X^==12‘99 ; P=:0*0723 ; and the fit, therefore, is very bad. 


The frequencies indicate linkage between purple colour in plant and colour of 
ripe fruit in it. There is nearly always excess in the frequencies of parental com- 
binations but each character taken singly gives a good 3:1 ratio as already seen 
(pages 230 and 236). 

Grouping all purple grades together the following phenotypes and their fre* 
quencies are obtained : — 


— 

Purple 

plants 

red 

fruits 

Purple 

plants 

orange 

fruits 

Green 

plants 

red 

fruits 

Green 

plants 

orange 

fruits 

Total 

Total observed . . . , . ! 

640 

179 

185 

78 

1082 

Total expected on 9 : 3: 3 : 1 basis . 

608*4 

202*8 

202*8 

67*6 

1081*6 

Deviation . . , , 

+31*6 ' 

—23*8 

'-17^8 

+10*4 


Batio observed . . . . 

9*47: 

2*65 1 

: 2*73 : 

: 1*15 


Batio expected . . . „ 

9 ; 

■ ■ ■ 3 

4 3 

1 ^ 



H 2 



X^=7‘59 ; P=:0*0566. The fit, therefore, is very bad, 
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A bad fit, excess in parental combinations, deficiency in single dominants 
(cross-over classes) and a good 3 : 1 ratio when each character is considered sepa- 
rately indicate linkage. The linkage intensity between factors for purple colour 
and fruit colour can be estimated by calculating the cross-over value. Applying 
the ‘ Product Ratio " method, recommended by Alam [1929], a cross-over value of 
nearly 44 per cent, is obtained. This value does not suggest a significant linkage. 

In Fa the following segregations were observed : — 


Ho. of cultures in 
and nature of parent 
plant in 

Segregations 

Formulas 

Fhequencies 

Observed 

Expected 

S cultures from purple 
gr. Ill and red-fruited 
plants 

Pure • . ‘ . 

Pr. Pr. 

gr.IH gr.ni 
red orange 

AABBRE 

3 

1 


3:1 ... 

AABBRr 

0 

2 

1 culture from purple 
gr. III and orange- 
fruited plant 

Pure . , . . 

AABBrr 

1 

1 

13 cultures from purple 
gr. n and red-fruited 
plants 

Pure • • 

Pr. Pr, 

gr. n gr. II 
red orange 

AAbbBR 

3 

P44 


3:1 ... 

Pr. Pr. 

gr. II gr. in 
red red 

AAbbRr 

2 

2-89 


3 s 1 • • • 

Pr, Pr. 

gr.II gr. 11 
red orange 

9 s 3 

Pr, Pr. 

gr.lll gr.ni 
red orange 

AABbRR 

2.' ■ 

2'89 


3 s 1 ... 

AABbBr 

6 

6-78 

3 cultures from purple 
gr, 11 «wid orange-fruited 
plants 

Pure . . . , 

Pr. Pr. 

gr.II gr. in 
orange orange 

AAbbrr 

1 

1 

23 cultures from purple 
gr, I and red-fruited 
plants 

3 : 1 . . . 

Pr. Pr. Non- 

gr. in gr. I purple 
red red red 

AABbrr 

2 

2,,' 


1:2 ; 1 . 

Pr. Pr. 

gr.III gr. in 
red orange 

3 ; 1 

AaBBBB 

1 

P9 






STUDIES IN INDIAN CHIIilES, 3 



Fkisquettcies ' ' ■ 

Formula — — ^ ^ — — ^ 

Observed Expected 


AaBBRr 


AaBbRR 


AaBbEr 


AabbRR 


AabbRr 


AaBBrr 


AaBbrr 


Aabbrr 

aaBBRR 

aaBbRR 

aabbBB 

aaBBRr 

aaBbBr 

aabbRr 

aaBBrr 

aaBbrr 

aabbrr 


.4,„ 

2 

1F32 

0 


No. of cultures in Fg 

and nature of parent Segregations 

plant in Fji 


Pr. 
gr. 1 
red 

6 ! 
Non- 
purple 
red 

3 : 

Pr. 

gr.l 

orange 
; 2 
Non- 
purple 
orange 



Pr. 

Pr. 

Pr! 

Non- 

gr. Ill 

gr. II 

gr. 1 

pr. 

red 

red 

red 

red 

1 ; 

3 ! 

1 8 ! 

: 4 

Pr. 

Pr. 

Pr. 

Pr. 

gr. in 

gr. Ill 

gr. 11 

gr. II 

red 

orange 

red 

orange 

3 

: 1 ; 

9 : 

: 3 

Pr. 

Pr. 

Non- 

Non- 

gr. I 

gr. I 

pr. 

pr. 

red- 

orange 

red 

orange 

24 : 

8 ; 

12 ; 

: 4 

Pr. 

Pr. 

Non- 


gr. 11 

gr. I 

pr. 


red 

red 

red 


1 ; 

2 

: 1 

. 

Pr. 

Pr. 

Pr. 


gr. n 

gr.n 

gr. I 


red 

orange 

red 


3 ; 

1 

: 6 


Pr. 

Non- 

Non- 


gr. I 

pr. 

pr. 


orange 

red 

orange 



2:3; 1 

8 cultures from purple Pr, Pr. Non- 
gr. I and orange-fruited gr. Ill gr. I pr. 
plants orange orange orange 

1 ; 2 : 1 


Pr. 

Pr. 

gr.ni 

gr. n 

orange 

orange 

I : 

3 

Pr. 

Non- 

gr. I 

pr. 

orange 

orange 


8 ; 4 

Pr. Pr. Non- 

gr. 11 gr. I pr. 

orange orange orange 
1 : 2 ; 1 

17 cultures from non- Non-purple, red . 
purple red-fruited plants Non- Non- 
pr. pr. 

red orange 
3 : 1 


6 cultures from non-purple, All non-purple, orange 
orange-fruited plants 
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y 2^5*55 . Pr=r: 0 * 59 * Thc fit is good. 

Combining all the grades of purple colour together the following frequencies 
are obtained:— 



Purple 

Purple 

1 Non-purple 

Non-purple 

Total 


red 

orange 

rod 

orange 

Total observed 

176 

56 

61 

21 

314 

„ expected on 9 : 3 : 3 : 1 basis 
Ratio observed 

176*4 

58*8 

58*8 

19*6 

313'6 

8*98 ; 

: 2*86 : 

: 3*11 : 

: 1*07 


„ expected 

9 

: 3 ; 

! 3 

: 1 



y2^0.31^ g|j^ therefore, is excellent. 

There is no indication of any linkage between colour in plant and colour of ripe 
fruit as has been observed in cross Type 3 X Type 29 . 

Type 29 X Type 3—F^. 


No. of cultures in Pg 
and nature of parent 
plant in Pg 


ni and red-fruited plant! 


in and orange-fruited 
plant 


PllBQtJENCIES 


Segregations 

P ormulsB 

Observed 

j Expected 

Pure . , . , 

AABBRR 

0 

0-33 

Pr. Pr. 

gr.III gr.m 
red orange 

3 : I . . 

AABBRr 

1 

0-67 

Pure , . , • . 

AABBrr | 

1 

1 





AAbbri’ 


Pr. Pr. Pr. 

gr. Ill gr. Ill gr. 1 
red orange red 


Pr. Non- Non- 

gr. I pr. pr. 

orange red orange 


STUDIES IN INDIAN CHILDIES, 3 

Tyfe 29 X Type 3—F^, 


No. of oalfcures in Pg 
and nature of parent 
plant in Pg 


11 cultures from purple Pure 
gr. II and red-fruited 
plants 


Segregations 


Pr. 

Pr. 

gr.II 

gr. II 

red 

orange 

3 

: 1 . 

Pr. 

Pr. 

gr, II 

gr. Ill 

red 

red 

3 : 

1 , 

Pr. 

Pr. 

gr. II 

gr. II 

red 

orange 

9 : 

3 

Pr. 

Pr. 

gr. Ill 

gr. Ill 

red 

orange 

3 : 

1 . 


6 cultures from purple gr. 
IT and orange-fruited 
plants 


20 cultures from purple 
gr I and red-fruited 
plants 


orange orange 


AAbbRr 


AAbbKR 


AABbER 


AABbRr 


AABbrr 


AaBBRR 


Pr. 

Pr. 

Pr. 

Non- 

gr. HI 

gr. II 

gr. I 

pr. 

red 

red 

red 

red 

1 

: 3 : 

8 : 

4 

Pr. 

Pr. 

Pr. 

Pr. 

gr.lll 

gr. Ill 

gr. II 

gr.II 

red 

orange 

red 

orange 

3 : 

1 ; 

9 : 

3 


AaBBRr 


AaBbRR 
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Type 29 X Type 3— J’g. 


No, of cultures in 
and nature of parent 
plant in Fjk 

Segregations 

Pormulfc 

Prequenoibs 

Observed 

Expected 


Pr. 

Pr. 

Non- 

Non- 





gr. I 

gr. I 

pr. 

pr. 





red 

orange 

red 

orange 





24 : 

8 : 

12 : 

4 

AaBbRr 

7 

6*68 


Pr. 

Pr. 

Non- 






gr. II 

gr. I 

pr. 






red 

red 

red 






1 : 

2 : 

1 

• B 

AabbRR 

2 

im 


Pr. 

Pr. 

Pr. 






gr.ll 

gr.II 

gr. I 






red 

orange 

red 






3 : 

1 ; 

6 ! 






Pr. 

Non- 

Non- 






gr. I 

pr. 

pr. 






orange 

red • 

orange 






2 

3 : 

1 

- 

AabbRr 

5 

3*34 

4 cultures from purple gr. 

Pr. 

Pr. 

Non- 





I and orange-fruited 

gr.in 

gr. I 

pr. 



i 


plants 

orange 

orange 

orange 



i 



1 : 

2 i 

t 1 


AaBBrr 

2 

1 


Pr. 

Pr. 







gr. Ill 

gr. li 







orange 

orange 







1 : 

3 : 







Pr. 

Non- 







gr, I 

purple 







orange 

orange 







8 : 

4 

• 

• 

AaBbrr 

2 ■ ^ 

2 


Pr. 

Pr. 

Non- 






gr.n 

gr.I 

purple 






orange 

orange 

orange 






1 : 

2 : 

1 

• 

Aabbrr 

0 

1 

14 cultures from non-pur. 

Non-purple, red . 

. 

• * 

aaBBRR 

4 


pie and red-fruited 





aaBbRR 



plants 





aabbRR 




Non- 

Non- 







purple 

purple 







red 

orange 







3 : 

1 . 


• fr 

aaBBRr 

10 

9*34 






aaBbRr 








aabbEr 



3 cultures from non-pur- 

’All non-purple, orange 

• • 

aaBBrr 

3 

3 

ple, orange-fruited plants 





aaBbrr 








aabbrr 




I The Fj observations confirm the Fj results. 

; The excess in the number of pure red cultures in the purple grade III and the 

I' homozygous purple grade II, and the deficiency of these in the homozygous non- 








purple cultures confirm linkage between “ colour in plant ” and “ fruit colour ” 
inType 3X Type 29. 


fruit-position and colour of ripe fruit togefJm, Type 3 X Type 29— F 


Pj plant No, 

Pendent 

red- 

fruited 

Pendent 

orange- 

fruited 

Erect 

red- 

fruited 

Erect 

orange- 

fruited 

Total 

■■■'■ '■ 3' ' ' ■ ■■ 

' 52 

15 

18 

8 

93 

■ B 

51 

]2 

19 

7 

89 

8 

47 

22 

20 

1 

90 


57 

16 

16 

6 

95 

13 

56 

12 

17 

3 

88 

15 

, . 45 

15 

24 

2 

86 

18 


19 

19 

4 

92 

20 

48 

17 

14 

9 

88 

23 

63 

15 

11 

6 

95 

25 

48 

16 

20 

0 

■84' 

28 

52 

18 

15 

7 

92 

30 

46 

21 

17 

6 

90 

Total observed 

615 

198 

210 

59 

1082 

„ expected on 
9:3 : 3 : 1 basis 

608-4 

202-8 

202-8 

67*6 

1081-6 

Eatio observed 

9*09 : 

2-92: 

3*11: 

0-88 


„ expected 

9 : 

3 : 

3 : 

1 



5 ^ 2 — 1.531 ■ p=:0‘6798. The fit, therefore, is good. 


The following segregations were observed in Fj : — 


Number of cultures in and 


Segregations 


Formulae 

Prequrnoi«s 

nature of parent plant in F* 



Observed 

Expected 

39 cultures from pendent, red- 
fruited plants 

Pure . , . 

Pendent Pendent 
red orange 

• 

PPRE 

3 

4-3:1 

^ '■ 

3 : 

Pendent 
red 

1 

Erect 

red 

9 • 

PPRr 

,■ 4 

8-67 


3 : 1 . . . 

Pendent Pendent Erect Erect 
red orange red orange 

PpRR 

8 

8-67 


9 : 

3 : 3 : 

1 

PpRr 

24 

17-32 

11 cultures from pendent and 
orange-fruited plants 

Pure . 

Pendent 

orange 

Erect 

orange 

• • 

PPrr 

3 

3-66 


3 : 

1 

» * 

Pprr 

8 

7-32 

17 cultures from erect and red- 
fniited plants 

Pure . 
Erect 
red 

Erect 

orange 

* * 

ppRR 

5 

6-67 


3 : 

1 . 

. . 

ppRr 

12 

11*34 

7 cultures from erect, orange- 
fruited plants 

Pure . 

■ ■ 


I>prr 

7 

7 











2S8 


INMAN JOXJRNAt OF AGEICULTTJBAL SCIENCE 


[ 111 , 11 . 





i 

i 


Ti/pe 29xType 3 — F^. 


Fj plant Ho. 

Pendent 

red- 

fruited 

Pendent 

orange- 

fruited 

Erect 

red- 

fruited 

Erect 

orange- 

fruited 

Total 

1 

52 

8 

17 

3 

80 

2 ' 

39 

17 

16 

6 

77 

3 

43 

1 

17 

19 

3 

1 ■ 82 ; ' , 

' 4 '■ 

46 

18 

7 

5 

76: 

I’otal observed 

179 

60 

58 

17 

314 

„ expected on 

9:3: 3 ; 1 basis 

376*4 

68*8 

58*8 

19*6 

313*6 

Ratio observed 

9*13 

: 3*06 : 

2*96 



„ expected 

9 

: 3 ; 

3 

: 1 



X2=0'418. The fit is excellent. 

Type29xType3 — F^. 


No. of cultures in Eg and 



Eormulie 

Ebeqtjencies 

natiue of parent plant in 

otjgiojjawons 

Observed 

Expected 

35 cultures from pendent, red- 
fruited plants 

Pure . 

Pendent 

red 

Pendent 

orange 

PPRR 

I 4' 

■■ 3*87 


3 ; 

Pendent 
red 

1 

Erect 

red 

PPRr 

12 

7*74 


3 : 

Pendent 
red 

9 : 

Erect 
red 

1 . . 

Pendent 

orange 

3 ; 

Erect 

orange 

PpRR 

6 

3-87 


3 : 

1 

PpRr 

13 

15*48 

10 oultuies from pendent and 
orange-fruited plants 

Pure . 

Pendent 

orange 

Erect 

orange 

PPrr 1 

3 

3*33 


3 : 

1 

Pprr 

" 7 ' \ 

6*67 

10 cultures from erect and red- 
fruited plants 

Pure , 

Erect 

red 

Erect 

orange 

ppER 

5 , 

3*33 


3 : 

1 . . 

ppRr 

6 

6*67 

3 cultures from erect and 
orange-fruited plants 

Pure . 


pprr 

3 

.... ^ 


The Fg observations confim the Eg results on dihybrid segregation. 












Par fie Goloar, fruit -position and colour of rij^e fruit together^ Ty 2 ^o 3 xType 29- 
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y^z^zlQ^S^ i P^O^IS. Tlie fit, therefore, is bad. 

The expected ratio on 4-hybrid basis should be 81 : 27 : 27 : 27 : 27 : 9 : 9 : 
9:9:9: 9:3: 3:3: 3:1. The expected ratio in the present case, however, 
looks very different from the above. This is because we have been able to distin- 
guish three genotypes in the purple phenotype and also because of the intensifying 
factor B, which by itself is without any effect. 

It will be seen that the biggest deviations have mostly occurred in those classes 
where two of the parental characters, either purple colour and red fruit or non- 
purple colour and orange fruit, which are linked, have appeared together or where 
they are dissociated. 

If the segregation of each of the twelve plants be looked into, it will be found 
that there are discrepancies. This is because of the linkage to which we have 
already referred and also because of the population, about ninety, of each Pj plant 
which is very small for considering such a segregation on 4-hybrid basis. 

Combining all the purple grades the following frequencies are obtained 



Pr. 

pendt. 

red 

Pr. 

pendt. 

orange 

Pr. 

erect 

red 

Pr. 

erect 

orange 

Non-pr. 

pendt, 

red 

Non-pr. 

pendt. 

orange 

Non-pi. 

erect 

red 

Non-pr. 

erect 

orange 

Total 

Total observed 

472 

138 

168 

41 

143 

60 

42 

18 

1,082 

Total expected 
on tri -hybrid 
basis . . 

456-3 

152-1 

152-1 

60-7 

152*1 

! 

50-7 

60-7 

16'9 

1,081*6 

Beviation . 

*fl5*7 

i 

1—14-1 

4-15*9 

—9-7 

—9-1 

4-0*3 

—8-7 

+ 1-1 

•• 

Ratio observed 

27-93 

: 8-17 

: 9-94 

: 2*43 

: 8-46 

: 3*56 

: 2-49 

: 1-07 


Ratio expected 

27 

: 9 

9 

; 3 

! 9 

: 3 

: 3 

: 1 



X2-9-180 ; P=0-24I. The fit is bad, 


It is again the linkage between colour in plant and colour of ripe fruit in it 
that is responsible for such a bad fit. 


L 




Type 29 xType S— 
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Combining all tbe purple grades the following frequencies are obtained 



Pr, 

pendt. 

red 

Pr. 

pendt. 

orange 

Pr. 

erect 

rod 

Pr. 

erect 

orange 

Non-i>r. 

pendt. 

red 

Non-pr. 

pendt. 

orange 

Non-pr. 

erect 

red 

Non-|)r. 

erect 

orange 

Total 

Total observed 

132 

45 

43 

11 

47 

16 

15 

5 , 

'314, 

Total expected 
on tri-hybrid 
basis 

132*30 

■ 

i 

1 

44*10 

44*10 1 

14*70 

44*10 

j 

14*70 

14*70 

4-90 

313*6 

Ratio observed 

26*94 

: 9*18 

: 8*78 

; 2-24 

: 9*59 

: 3*26 

: 3-OG 

: 1-02 


Ratio expected 

27 

; 0 

: 9 

; 3 

; 9 

: 3 

: 3 

: 1 



X®=1‘29 ; P=0'98. The fit, therefore, is excellent. 


The Pg observations have not been presented here as there were rather big 
discrepancies between the observed and expected results. This was principally due 
to the number of cultures, 74 and 58 in Type 3 x Type 29 and the reciprocal 
respectively which was too small to consider segregations on 4-hybrid basis. 


Fruit-length. 

The two parents were very distinct as regards their fruit-length, the mean 
fruit-length of Type 3 being 2-5 cm. with a probable error of 0 in 1928 and 2-6 cm. 
with a probable error of ±0'06T in 1929, and that of Type 29 parent ll-02±0i33 
cm. in 1 928 and 10-91±0-067 cm. in 1929. The Fj, which was grown in the year 
1928, had a mean fruit-length of 6‘32i9‘06 cm. In other words, Fj was nearly 
intermediate for this character. The standard deviation for Type 3 is unusually 
low while that for Type 29 is rather high. 


m 
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In Fg the mean fruit-length was 5-75zh0-037 cm. and was very close to the P, 
mean. The range of variability was great (Plate XXI) starting from the lowest 
range of the small-fruited parent, and failing by only one class to reach the highest 
range of the long-fruited parent (Fig. 1 and Table V). The standard deviation 
was very high and so was the coefficient of variability. The parental forms were 
realized in a fairly large proportion (Table V). The frequency curve for Fg, which 
is normal and unimodal, is shown along with the curves for the parents and the 1 j 

(Kg.l). 



Fig. 1. — ^Frequency curves for fruit-length. 



In I'g, the mean length of the short-fruited cultures was, is most cases, close to 
the parental value with a very low standard deviation. Cultures with fruits 
intermediate in length (like or very nearly so) gave nearly the same mean length 
but showed quite high variability like the Cultures from long-fruited plants, 
however, gave in all cases a lower mean value with a high standard deviation 
(TableV);^ 

As to the difierence in the number of factors between the parents for this 
character nothing can definitely be said but the realization of the parental forms 
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ill Fg in a large proportion snggestB that the parents do not differ by many factors. 
The F 2 frequencies when adjusted and added np, as shown below, suggest a close 
agreement to segregation on tri-hybrid basis. 



R-ange of I^pe 3 

Range of Fj 

Range of Type 29 


1 32 120 

206 224 200 104 

. . . j 

72 25 11 2 «997 

, _ . J 



Y ■ - 

Y 

Observed frequencies of 
parental and Fj range 

93 

794 

110 «997 

Expected frequencies on 
1:6:15;20:16;6:1 
tri-bybrid basis 

15*65 233*26 

- - j t 

311 233*25 

^ ^ J 

93*30 16*55 =996*2 

c - J 


Y ■■ ' 

Y 

Y 

Expected frequencies of 
parental and Fj range 

108*85 

777*60 

108*85 

Deviation * • • 

16*85 

16*60 

1*16 


It will be observed that the entire Fg population has been grouped into three 
classes representing the two parents and the Fj. The justification for splitting 120, 
the frequency in the 3‘6 cm. class (Table V), lies in the fact that the F^ population 
is small and that had it been bigger we might almost certainly have noticed sonae 
Fj individuals in that class so that the frequency in this class wmuld be a mixture 
of individuals of both the groups. It will also be seen that the frequency, 104, in 
the 7*6 cm. class is entirely included in the middle class. Type 29, even with its 
large population, has failed to appear in this class, while Fj with a small population 
is as much near to it as Type 29 and had the Fj population been bigger some F| 
individuals might be expected in that class. 

Castle^s formula [1926] also indicates a 3-factor difference between the parents. 
The actual value of “ n (number of factors concerned) in this case as derived by 
the said formula is S' 1 . 

On the other hand there is evidence of linkage between purple colour and short 
fruit and non-purple colour and long fruit as will be seen from Fig. 2 and Table 
VL The table shows a 3 purple : 1 non-purple ratio in the classes 5’01-6*00 and 
6'01-7‘00 cm., and that the proportion of fruits with purplish tinge increases 
towards the lower extremity till at the two lowermost classes no non-purple indivi- 
dual is seen. Similarly the proportion of fruits without purple tinge increases 
towards the higher extremity till the last class is reached where no purple indivi- 
dual is observed, while on theory the ratio of purples to non-purples in each class 
should be 3 :1, This indicates that the shorter fruits are more often associated 
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Looking to the original Fg curve for the combined frequencies (Fig. 1) it will 
be seen that from the class 7 ’5 cm. the curve suddenly departs to the right which 
is an indication that from this class longer fruits are appearing. If, therefore, we 
dissect the Fg frequencies at this point, the lower portion representing smaller 
fruits (Type 3 and F^) and the upper the longer (Type 29) and find the ratio of the 
former to the latter we get a fairly close approximation to a 3 : 1 ratio as shown 
below 

Range of small and intermediate Range of long fruits 
fridts (like Type 3 and Fj) (like Type 29) 

104 72 25 11 2 =«997 

V--, .-WY* — - * 

214 ==997 

, 249*26 ■ ««■')>? 


The fit, of course, is rather bad but good enough to indicate a segregation on 3 : 1 
basis in a quantitative character as the present one. 

This interpretation that the segregation in this character is on a 3 : 1 basis is 
in agreement with the one advanced previously wherein we have an indication of a 
difference of three factors between the parents for this character. The only differ- 
ence between the two interpretations lies in the fact that in interpreting a segrega- 
tion on a 3 : 1 ratio we have grouped small and intermediate fruits together against 
the long ones while in the other case we have grouped the whole population in three 
classes representing the Type 3, the and the Type 29 fruits. The 3 : 1 ratio may 
really be a trihybrid 48 : 16 ratio. 

The fruit-length seems further linked with the fruit-position. The longer 
fruits are much more frequently associated with the pendent position than with the 
erect and the shorter with the erect than with the pendent. Table VII, in 
which the Fg pendent and erect fruits together with their ratio in each 

class of fruit-length have been entered, shows that towards the lower extremity of 
the range the proportion of pendent fruits is low while towards the upper it is high 
and that in the two uppermost classes no erect fruit is found. The curve and the 
modal class for the pendent fruits will be seen to have shifted up (Fig. 3) indicating 
greater fruit-length. On the basis of independent segregation the proportion of 
pendent to erect fruits in each class should be as 3:1 and the curves for the 
pendent and erect fruits should be in close agre^ent. 


i2 



I 32 120 206 224 200 

— r -- -J 


Total observed 


783 

Total expected on 3 : 1 basis . 


747*76 

Deviation 

36*25 

=3*82 

Probable Error 

9-22 
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Table VI. 

Frequencies of fruits of purjile and non-purple plants in F^ and their ratio m each class for fruit-length. 
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The mean fruit-th ietnesB of Pg was 1*70 ^ 0*005 cm., that is, a little less than but yet greater 
thick-fruited parent. 
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The F 2 variability over Fj, the standard deviation and 

coeflicient of variation 0‘003 and L3*26 ± 0*202 respectively, both 

being high. The range of variation was also large extending beyond the extreme 
limits of either parent (Table \ III and Fig. 4). 
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In Fg the thin-fruited cultures had a mean thickness more or less like their 
parents. The standard deviation in one case was very low while in others it was 
nearly as high as in Fg. 

Out of all the thick-fruited cultures some gave nearly the same mean thickness 
as their parents while others gave much higher and only one culture gave a con- 
siderably lower mean thickness. 

Judging from the population of Fg individuals, appearing in the range of thin- 
fruited parent, it does not seem likely that the number of factors by which the 
parents differ for this character is great. On the contrary, there seems, in all 
probability, only a single factor difference; That this is so will be seen from the 
fact that the ratio of tkin to thick fruits, is nearly as 1 : 3 as shown below : — 


Bange of 
Type 29 


Combined range of 
Type s and Pi 


1 10 25 99 145 171 168 135 97 45 32 7 3 3 


Batio observed 


72*5 72*5 

^ W- 


Observed freq_ueiicies in tlie range 260*5 . 
of thin-fruited parent and com- 
bined range of thick-fruited 
parent and Pj 


Expected frequencies on 1 : 3 • 248*5 

basis 


Batio expected • 


Deviation 12 

Probable Error “ 9*21 


The fit, therefore, is good. 

The frequency, 146, in class 1*46 cm., (Table VIII) is included half and halt 
into each of the two ranges as this class is represented by both the types of fruits. 

Another fact which corroborates the inheritance of fruit-thickness on a mono- 
hybrid basis is the linkage between /Hhin fruit and the character of calyx "‘en- 
closing fruit-base and between thick fruit and calyx not enclosing fruit-base 
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as shown below. For the following classification fruits measuring 1 '46 cm. and 
below were considered as thin and those measuring 1 ’46 cm. upwards as thick. 


' ' — ~ 

TMck fruit, 
calyx ** not 
enclosing 
fruit-base ” 

Thick fruit, 
calyx i 

** enclosing | 
fruit-base ” 

Thin fruit, 
calyx ‘'nofc 
enclosing 
fruit-base 

Thin fruit, 
calyx 
enciosing 
fruit-base’* 

Total observed 

708 

63 

79 

148 

=998 

Total expected on 9 : 3 : 3 : 1 basis 

661-33 

187*11 

187-11 

62-37 

=997*92 

Deviation 

+ 146*67 

—124-11 

—108*11 

+85*63 



The excess in the parental combinations is very high and suggests a significant 
linkage between thick fruit and unenclosed fruit-base and thin fruit and enclosed 
fruit-base. Besides, each character taken singly gives a fairly good 3 : 1 ratio as 
already shown (pages 272 and 242). The actual cross-over value, as calculated by 
the ‘ Product Eatio' method, comes to 16 per cent, which indicates a very high 
linkage. The above facts, therefore, are quite in favour of a monohybrid segrega- 
tion on a 3 ; 1 basis in this character. 

Petal-htmth. 

The two parents differ sharply for this character. The mean petal-length in 
Type 3 in 1928 and 1929 was respectively 9'77±0‘091 mm. and 8‘84±0'03 mm. 
and that in Type 29 for the same two years was respectively 16’15±0‘089 mm. and 
14'48 i;9'07 mm. The differences in the means for the two years are big enough 
to be statistically significant in both the types. The difference in the former case 
being about 9 '8 times its probable error while in the latter it is about 15'1 times 
its probable error. This variability in the means obtained in these two years is, 
in our opinion, due both to the small parental populations in 1928 and seasonal and 
soil differences in the two years. In Fj the mean petal-length was irti3iG-]18 
mm. and Fj was, therefore, nearly intermediate between the parents in this respect. 
In Fg the mean petal-length was ]2'13±0'022 mm. that is, the Fg also showed, like 
the Fj, an intermediacy for petal-length and the range reached the lowest and the 
highest extremities of the smaller and the larger parents respectively. The parental 
forms were recovered in quite a large proportion (Table IX). 

In Fg, cultures with low parental value bred true showing a small amount of 
variability. Those with value like the Fj or Fg gave nearly the same mean lei^th 
but showed rather a high variability. Cultures with a high parental mean value 
gave rather a lower mean value and a high variability. 

The Fa frequency curve (Fig. 8) is unimodal and nearly symmetrical. It does 
not throw any light on the number of factors involved for this character. How- 
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ever, tlie realization of parental forms in I’g in a large proportion suggests that the 
parents do not difier by many factors for this character. 



Petal- LEH dTN mm. 


Fig. 6.*— Frequency curves for petal-laigtli. 


Table IX. 

Type SxType 29. 

Freqtiericy disiribuHott of length of petals. 
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Table X. 

Frequencies ofqiurple and non-purple petals inF^and their ratio in each class for 

petal-length. 


Class 

centres 8*75 

in mm. 

9-25 

9*76 

10*25 10*75 

11*26 

11*76 

12*25 

■ 12*76 

Pr. IST-pr. 

Pr. N-pr. 

Pr. N-pr. 

Pr. N-pr. Pr. N-pr. 

1 1 
Pr. N-pr. Pr. N-pr.' 

1 

Pr. H-pr. 

Pr. N-pr. 

Frequencies of 1 0 | 

purple and 
non-purple 
petals 

3 0 

7 0 

31 3 71 6 

150 13 195 29 

165 46 

107 56 

Batio of purple ' 1 : 0 

to non-purple' 
petals j 

' 3: 0 

7 : 0 

10-33: 1 11-83: 1 

i' 

11*54: 1 

6-72 ; 1 

„ . ■ 1 

3-44: 1 

1-01 :1 


Table X~conid. 

Frequencies of purple and non-purple petals in F^ and their ratw in each class for 

pefal4engtK 


Class 
centre 
in mm. 

]3'26 

13-75 

14*26 

14*75 

16*26 

16*76 

1 

16-26 

16*75 

Total 

Frequencies of 
purple and 
non-purple 
petals 

Pr. N-pr. 

46 37 

Pr. N-pr. 

26 26 

Pr. N-pr. 

1 6 16 

Pr. N-pr. 

6 11 

Pr. IST-pr. 

0 6 

Pr. N-pr. 

0 2 

Pr. IST-pr. 

0 0 

Pr. N-pr 

1 1 

Pr.N-pr. 

804 261 

Batio of purple 
to non-purple 
petals 

rm . J ’ J i: 

1*24: 1 

• T , 

1 : 1-04 

1 : 2*66 

1: 1*83 

■ 1 

0 ; 6 

0: 2 

1 

0: 0 

1 : 1 

3*20 : 1 


auu uuiuur m pianii is eviaenD irom 

Table X wherein the Eg frequencies of purple and non-purple petals together with 
their proportions as occurring in each of the classes for petal-length are given. It 
wiU be seen from the table that in the class 12-25 mm. the proportion of purple to 
non-purple petals is 3-44 : 1 and that towards the lower extremity it generally goes 
on increasing until the last three lowest classes are reached wherein no non-purple 
individualispresent. Inthesame way the proportion of non-purple individuals 
generally increases as we go up the range from the 12-26 mm. class till we reach the 
end classes m which barring a soUtary purple individual in the last class no purple 
pe akare obseiwed. TheoreticaUy we^ e^^^^^ class purple and non-purple 
petals m the ratio of 3 : 1. ^ 
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Fig. 6, in wHch the frequency curves for purple and non-purple petals are plotted, 
shows that the curve as well as the mode for the latter has shifted ’up which 
is an indication of greater petal-length. 


<? 75 9’^s ms ms- /^,7s ms 

Petal-length mm 

I’ig, 6, Frequency curves for purple and non-purple petals in F^. 
Continuous line s purple petals^ 

Broken line : non-pnrp^® P©^8 * 
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PecUeel-lengfK 

The pedicel of Type 3 is short and that of Type 29 is long. The mean pedicel- 
length in Type 3 for 1928 was ll*07±d*16 mm. and for 1929 was 12*86±0*r2 mm. ^ 

and that in Type 29 for these two years was 24:*20±0'12 mm. and 22*42±0*26 mm. j 

respectively. The difierence in the means for these two years in Type 3 is 8*9 times | 

its probable error while that in the case of Type 29 is 6*8 times. These differences, I 

therefore, are big enough to be statistically significant. The causes to which we I 

can attribute these differences are again presumably the same as assumed in the 
ease of differences in petal-length, < 

The pedicel was short with a mean length af_12*41d::0*28 mm. which siig^ 
gests dominance of short pedicel over the long. 

The mean pedicel-length of F 2 was 14*852t9‘064 mm, that is, a little higher 
than the Fx mean. Both the standard deviation and the co-efficient of variation 
were fairly high in Fg. The range failed to reach the upper extremity of the long- 
pedi celled parent. 

In Fjj some of the cultures with short pedicel bred true, while others gave a 
higher mean value. Cultures with long pedicel gave invariably a much lower mean. 

The variability in most of the cultures was lower than Fg. 

The Fg frequency curve (Fig. 7), it will be seen, is skew or lopsided. This is 
because there is preponderance of individuals in the ranges of Type 3 and Fj, which 
are overlapping, which corroborates the dominance of short pedicel over the long as 
indicated by F^. It will be seen both from the curves (Fig. 7) and Table XI 
that the class 17 mm. is represented by Type 29, Type 3 and F^ and on this ground 
if the Fg range be dissected into two groups at this point the lower representing the 
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Overlapping ranges 
of Type 3 and F| 


11 1^2 287 310 


Rang© of Type 29 


204 89 28 2 1 1 


102 102 


Observed frequencies in 
tbe overlapping ranges 
of Type 3 and Fj, and 
Type 29 


Expected frequencies on 
3:1 basis 


Deviation 
Probable Error 


« 4’30 


The fit is not good. However, considering that we are here dealing with a 
quantitative character it would not be wrong to conclude that the above results 
indicate a segregation on a 3 : 1 ratio. 

The conclusions are further substantiated by the fact that the pedicel-length is 
linked with the colour in the plant, the short pedicel with purple colour and the 
long with non-purple. This is clearly brought out in Table XII in which the 
frequencies of purple and non-purple individuals together with their ratio as 
observed in each of the classes for pedicel-length are shown. It will be seen that 
the proportion of purple pedicels to non-purple increases as we go down from 
14‘01 to 16*00 mm. class towards the lower extremity until the lowest class is reached 
where no non-purple pedicel is present. Similarly as we go up from the class 
16’01 to 18*00 mm. towards the upper extremity the proportion of non-purple 
pedicels to purple increases till the last two extreme classes are reached in which no 
non-purple individuals are represented, whereas, theoretically in each class the 
ratio of purples to non-purples should be 3 ; 1. 


Table XI. 

Frequemy distribution of length of pedicels, Type 3 K Type 29. 
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sHfted up, wMch is an indication of longer pedicel while in absence of any linkage 

the two curves and the modal classes should be in very close agreement. 




*100 f 160 liOO ISOO froo 19002/00 2iOO2SC0Z9O0 

PkBI CEL- LENGTH M /^. 

Fig. 8. — ^Frequency curves for purple aaid uou-puiple pedicels iix Fg, 
Continuous line ? purple pedicels. 

Broken line ; non-ptoide pedicels. 
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If all the Fg mdividiials be grouped into two classes/ representing respectively 
the short and the long pedicel, the former measuring 17*00 mm, and below and 
the latter 17*01 mm. and above and the frequencies of purples and non-purples be 
found out in each, the following results are obtained : — 



Short, 

purple 

pedicel 

Short, 

aon-purple 

pedicel 

Long, 

purple 

pedicel 

Long, 

non-purple 

pedicel 

Total observed . 

696 

160 

108 

95 «1059 

„ expected oa 9 : 3 : 3 ; 1 basis 

S96-77 

198-57 

198-67 

66-19 t«1060W 

Deviation » ■ ■ . . 

+99-23 

—38-57 

—90-67 

+28*81 


The excess in parental combinations suggests linkage. The cross-over value by 
the ' Product Ratio ' method conies to 33 per cent, which indicates significant linkage. 


VI. The baok-oross generation. 

It was observed in Fg that the phenotype Purple grade III was a shade deeper 
in purple colour than Type 3 and that the phenotype Purple grade II was less 
purple than the latter. However, Type 3 resembled Purple grade III more than 
Purple grade II. 

The proof that the phenotype Purple grade III was genetically the same as 
Type 3 demanded evidence that the intensifying factor B was present in Type 3 
itself* and not in Type 29. In order to ascertain this the Fj was crossed with either 
parent. The cross of F^ with Type 29, assuming either presence or absence of B 
in Type 29, did not help to clear the situation as on either assumption, in the back^ 
cross generation, there should be only two phenotypes, Purple grade I and non- 
purple, in the ratio of 1 : 1 as shown below. 

Fj X Type 29 







284 


INDIAN JODENAD OF AGBIOUDTUEAL SCIENCE 


[III, 11. 


F, X Type 29 


AB Ab aB 



1 AaBB : 1 AaBb 


1 aaBB 


F, gametes 


Type 20 gametes, assumiag 
preseuce of B ju Type 20 


1 aaBb 


2 Pr. gr. I 
1 „ 


2 Non-purple 

1 


The actual results obtained are given below 


■ ■ 




Purple 
grade I 

Non- 

purple 


Total observed . • . 

• 

• 

•> 

64 

71 

= 135 

„ expected on 1 : 1 basis « 



• 

67*5 

67*5 

■ = 135 

Batio observed • ^ . 

• 

• 

• 

0-95 : 

1*05 


„ expected * • • 

# ' 

« 

• 

1 ! 

1 



Deviation 


=0'89. The fit is good. 


Probable mror - 3 ^ 

It will be seen from the above that this back-cross does not throw any light 
on the genetical constitution of Type 29 so far as the intensifying factor Bis 
concerned. 
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However, tlie cross of With Type 3 revealed the presence of B in Type 3 

ItseE;'"''' 

Assuming that B is present in Type 3 the following phenotypes and their pro- 
portions should be obtained in the back-cross generation. 


AB Ab aB ab 


F, gametes 


Type 3 gametes 


1 AABB . : ■ '1 AABb 


1 AaBB 


1 AaBb 


The actual results obtained are as follows : 


Total observed . 


„ expected ort 1 : 1 : 2 basis 


Ratio observed , . 


„ expected , 


The realization of this result is only possible if B, the intensifying factor, be 
present in Type 3. Though the population is small the results are convincing. 

The other object of crossing back to Type 29 was to ascertain if the factors 
for colour in plant and colour in ripe fruit in Type 3 X Type 29 were really linked 
as indicated by the Fg and Fg results and if so in what proportion were the Fj 
gametes produced* ‘ ' 


Pr. 

gr. Ill 


Pr. 

gr.n 



Deviation 
Probable Error 


=0*02* The fit is very good. 
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If eaoli cliaracter be taken separately a good 1 :1 ratio is obtained in the back- 
cross as is shown below:-— 


- — 



Purple 

plants 

Non-purple 

plants 

Total observed , 

. ■ * 


44 

60 

„ expected on 1 : 1 basis . 

• 

• 

47 

47 


Deviation 
Probable Error 


= P53. The fit, therefore, is good. 


If the two characters are taken together the four phenotypes do not occnr in 
equal numbers, the frequency of the combined parental phenotypes being 1*47 times 
that of the other two phenotypes. The results are:— 


Purple Purple Non- Non- 

gr. I, gr* I, purple, purple, 

rod fruit orange fruit rod fruit orange fruit 


Total observed . * . 24 20 18 32 =94 


X®=1*80 ; 0*618. 

The fit, therefore, is good. 


„ expected on 44 i}or cent, cross- 26*32 20*08 20*68 26*32 =94 

over value 


„ expected on 44 per cent, cross- 
over value 


Deviation 


Batio observed 


gfUDlES IH IHDIAH OHimSS, S 


28 ? 


On a basis of 44 per cent, cross-over we obtain a value of ol 1*80 whereas 
assuming that there is no linkage a value of x^=4:‘89 is obtained. The evidence 
is, therefore, in favour of weak linkage. The frequencies in the reciprocal, however, 
gave no indication of linkage and indeed a cross-over value of 44 per cent, approxi- 
mates very closely to independent segregation. 

The back-crosses have further confirmed that the fruit-position (pendent or 
erect) and colour of ripe fruit (red or orange) are each inherited on a 3 : 1 monohy' 
'brid' ratio. 

As regards the former character there should be on theory only two pheno- 
types, pendent and erect, in the proportion of 1 : 1 in the back-cross generation as 
shown below 


^ 'I’ype 3 parent 

^ P 

\/ 

P 

/\ 

pp pp 

1 : 1 


Fj gametes 


Type 3 gametes 


i»e*j i pendent : 1 erect 
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The actual results obtained are given below 


Erect- 

fruited 

plants 


Pendent- 

fruited 

plants 


Total observed 


expected on 1 ; 1 ratio 


= ^=0-35. The fit i. good. 

Probable Error 2*86 

As regards the colour of ripe fruit we should obtain on theory red and orange 
phenotypes in the proportion of 1 : 1 in the back-cross generation as shown 
below:”™- 


P^ gametes 


gametes 


t.c., 1 red : 1 orange. 

The actual results obtained which agree with the theory are already given on page 286, 


VII. Theoby. 

From the results of the cross and the back-crosses it is assumed that the 
following factors determine the various qualitative characters studied in this 
cross. 

A — a factor which produces purple colour in all plant organs. If it is 
absent, the stem, leaf and fruit remain green, petals and filaments 
white, style pale purple or white, stigma yellow, and anthers bluish^ 
yellow. 



AaBB AaBb Aabb aaBB aaBb aabb 


4 non-purples 


It will now be seen how far the theory agrees with the results obtained in Pg 


and F 3 . 


In the first character that is studied, m., the purple colour in the plant, both 
A and B will be segregating. The should, therefore, be heterozygous for both 
these and hence should appear intermediate in purple colour and the Fg should 
show a population of the following phenotypic proportions on dihybrid basis. 


AABB AABb AAbb 

V; 1 2 ■; 

Pr. gi\ III Pr. gr. 11 Pr. gr. 11 

like Type 3 _ -y“ — ^ 

Less purple than 
TypeB 

' I ■■'■■■/! ■" , 3 , 


Pr. gr. I Pr. gr. I Pr. gr. I 
Like Pj 


Non-purplos 
Like Type 29 


12 purples of all grades 
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B—a factor which in the presence of A intensifies purple colour but is inert 
,, ...by itself. 

Both A and B when homozygous have double the efiect to when 
heterozygous ; but the effect of two doses of B is less than 
one of A. 

P— a factor which causes the fruit to be pendent, in absence of which, 
the fruit remains erect. 

in ripe fruit and seed, in absence of 
which, these remain yellow or orange. 

D— a factor which causes the fruit-apex to be blunt. When D is heterozy- 
gous the apex is partially pointed. If D is absent the apex remains 
' pointed.' 

P— a factor wMcli causes the bulging of the fruit-base. If P is absent the 
base remains unbulged. 

E— a factor which prevents the calyx from enclosing the fruit-base. When 
E is absent the base remains enclosed. 

On the basis of the functions performed by each of the above factors and from 
the results of the cross and the back-crosses the genetic constitution of the parents 
and the Pi should be as follows 

Type 3»- AABBppREDDFPEE. 

Type 29 — aabbPPrrddffee. 

Pi— AaBbPpRrDdPfEe. 


VIII. Application OF THEOEY TO the obseeved eesults. 


290' \ IHBIAN JGBBNAL.OI^'AGEICTJLT-UBAL SOIEKCE' ; ' y /, 

This is closely realized in Fg {pages 230, 231 and 232). 

The phenotype Purple grade III, which has only one genotype, AAEB, should 
he purple like Type 3 parent. The individuals of this class should be one-sixteenth 
of the entire F^ population and should breed true in Fg as is realized (pages 281 
and 232). ; 

The phenotype Purple grade II, which contains the genotypes AABb and AAbb 
should be less purple than Purple grade III as the first contains only one intensify- 
ing dose while the second is without either. Thefoiiner should be a shade deeper 
than the hatter. Actually it was not possible to separate these two genotypes from 
one another with certainty as the colour differences were not sharp. The fact is that 
the colour even in a single individual plant showed a good amount of variation 
depending upon the age of its various organs and the amount of illumination which 
they received. 

On theory, then, this phenotype, which has been termed as Purple grade II, 
should be three times the number of plants like Type 3 in colour or three-sixteenth 
of the total Fg population as is realized (pages 230 and 231) and should behave in 
Fg as follows,:— 

One-third of these Purple grade II cultures with the genetic constitution AAbb 
should breed true and the remaining two-thirds with the genetic constitution AABb 
should segregate into Purple grades III and II, as B is heterozygous, in the ratio of 
1 Purple grade HI : 3 Purple grade II, as shown below 

AABB AABb AAbb 

Pr.gr.III 
1 ' 


■ ■ I 

This is realized (pages 231 and 232). 

The phenotype Purple grade I (like F^) which consists of the genotypes AaBB, 
AaBb, and A abb should be much less purple than the Purple grade II individuals 
as it is heterozygous for A, the basi<3 colour factor itself. Amongst the genotypes 
themselves the first should be the most purple, the second a little less and just 
like the F^, and the third the least. Here again as in the case of Purple grade 11 
and for the same reasons it was not possible to separate out the genotypes with 
certainty and they were kept together as individuals 'v like Fj^ in one class which 
has been called Purple grade I. 

Theoretically these individuals should be fifty per cent, of the entire Fg popula- 
tion as is realized (pages 230 and 231) and this phenotype should behave in Fg as 
follows: — ■ , ' ' 


Pr. gr. II Pr. gr. II 
2 : 1 



3 



The Fg results are in agreement with the theory (pages 231 and 232). 

The third and the last genotype, Purple grade I, which has Aabh as its genetic 
formula, should he one-fourth of the total number of Fg individuals belonging to 
this class and should segregate in Fj into Purple grade II, Purple grade I, and Non- 
purples in the following ratio : — 

1 AAbb : 2 Aabb : I aabb 

Pr. gr. 11 Pr. gr. I Non-purplo. 

The number of Fg cultures segregating as above in E’g should be one-fourth of the 

total number of cultures of Purple grade 1 . The expectations are realized in F^ 

(pages 231 and 232). 

The non-purple phenotyjx), which consists of the genotypes, aaBB, aaBb, and 
aabb in the proportion of 1 : 2 : 1 respectively, should form one-fourth of the total 
I’a poimlation and breed true in Fg as A, the colour factor, is absent irrespective 
of the presence or absence of B, the colour intensifying factor. This is realized in 
Fg and I’g (pages 230 and 232 ; 231 and 282). , i , 


Pr. gr. m 


Pr. gr. II 


Purples of all grades 


Pr. gr, I 


Non-purple 


Non* purples 
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1 AABB 


2 AABb 
1 AAbb 


2AaBB 
4 AaBb 
2 Aabb 


1 aaBB 

2 aaBb 
1 aabb 


Those w constitution AaBB should he one-fourth of all the 

Purple grade I individuals in Pg and should segregate in Pg, as A is heterozygous, 
into Purple grade III, Purple grade I, and non-purples as shown below 


The nuniber of Purple grade I cultures segregating in this fashion in Eg should be 
one-fourth of the number in that class. The expectations are realized in Eg (pages 
231 and 232). 

The next genotype, AaBb, which is the same as the Ej in genetical constitution, 
should theoretically be half of the total number of Eg individuals of Purple grade I 
and sboiild segregate in Eg like Eg as both A and B are heterozygous. The number 
of Purple grade I cultures in Eg, segregating like Eg, should be half the total number 
of such cultures. The Eg behaviour of these cultures should be like Eg as follows :~ 


AABB 
Pr. gr. Ill 

■ I 


aaBB 

Noa-pr.: 

■ i : ' 


AaBB 
Pr. gr. I 
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With regard to W the Pi should be heterozygous for P and bo 

pendent-fruited and should segregate in Fa ^*0 pendent and erect fruited plants on 

a 3 : 1 basis as follows 

PP Pp 


1 


2 

r 


3 pendent 


pp 

I 

1 ©reot 


In Fs, one-third of the cultures from pendent-fruited plants should breed true 
for pendent character as they are expected to be homozygous for P and two-thirds, 
which are expected to be heterozygous for this factor, should segregate again like 
F.> in a 3 pendent : 1 erect monohybrid ratio. 

" The expectations have been realized in Fa and Fj (pages 233, 234, 236), except 
that the deviations between theoretical and observed numbers in the case of 

homozygous dominant and heterozygous cultures in F 3 of Type 3 X Type 29 were 
rather high. Also some of the plants in Fj, Fg and F 3 had a few of their early 
fruits erect or intermediate. Some of these Fa plants were grown in F 3 and were 
all found to be heterozygous for P. On theory, however, P, even if heterozygous 
should be perfectly dominant and should not produce any erect fruits. The results, 
then, are somewhat contradictory to the theory. The proportion of these plants, 
showing both erect and pendent fruits to those showing only pendent forms, is very 
small indeed in Fj though much higher in Fj (Tables III and IV). 

With regard to the colour in the ripe fruit, red or orange, the Fj should be 
heterozygous for R and should be red. The Fg population should consist of the 
following phenotypic proportions 

lER s ‘ 

S^^uited: : 1 orange-fruited 

In F , one-third of the cultures grown from red-fruited Fg plants should breed 
true as they are expected to be homozygous for R and two-thirds should segregate 
like Fa on a 3 ; 1 monohybrid basis as they are expected to be heterozygous for 
thisfactor. These results have been realized in Fj and Fg (pag6s236 and237). / 

If the purplish tinge in the fruit be also considered with the colour of ripe 
fruits there is then to be considered a segregation of three factors, wz., A, B, and 

R. ' 

The Fi is AaBbRr, le., purplish red, and is easily distinguished from the 

deeper purplish red colour of Type 3. The proportion of Fg phenotypes should be 
as follows : — 


27 ABB 
9 AbR 


36 purplidi red 
01' 9 ft *» 


3 abR 
12 red 


9ABr 
3 Abr 


12 purplish orange 
3 


3 aBr 
1 abr 

4 orange 

1 



Fruit-base 

enoloaed 


TMs is realfeed to some extent in 1*2 (page 261) but the fit was not good due to 
discrepancies in the parental classes, suggesting linkage between A and E. As this 
linkage Has been dealt with already in anotber chapter it is unnecessary to go into 
it here any further, 

With regard to fruit-apex, as D is segregating the should be heterozygous for 
D and should be partially pointed and the Fg segregation should be on a monohybrid 
basis as shown below :— 


This result is realized in Fg (pages 238, 239) and confirmed by Fg (page 239), 
except that 1 culture, recorded as blunt-friiited in Type 3 X Type 29 segregated like 
Fg while on theory all blunt cultures should be pure. The diagnosis in Fg appears 
to have been wrong in this case. 

As regards bulging onion-bulging of fruit-base there is segregation of factor F 
and the Fj should be heterozygous for F and should appear bulged. In Fg the segre- 
gation should be on a 3 bulged : 1 non-bulged monohybrid basis as shown below : — 


Bulged Kon-bulged 


The expectation is realized in Fg and confirmed by Fg (pages 2 10, 241). 

In the behaviour of the calyx — ^whether enclosing fruit-base or not— there is 
segregation of E. The F| should be heterozygous for E and should have an unen- 
closed fruit-base. The Fg should show the following monohybrid segregation 

EB Ee e© 
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Frmt-bas© 
not enclosed 


Blunt 


Part ially pointed 
and pointed 


like Type 3 


like Fi and Type 29 


294 


INDIAN JOUENAL OF AGEICtJLTUEAL SCIENCE 


[ 111 , 11 . 



This is realized in Fg and confirmed by Fg (pages 242-3) • 

In considering the inheritance of purple colour in plant and fruit-position together 
we are dealing with a segregation of the factors A, B, and P. The Fj should be 
heterozygous for these and in Fg we should expect a population consisting of the 
following phenotypic proportion : — 


’! 

3 AABBP 

lAABBp 'V ,6AABbP 

2 AABbp 

6 AaBBP 

■ 2 AaB.Bp 

3 aaBBP' 

1 aaBBp 

1 


■ 3AABbp ■ 

1 AAbbp 

12AaBbP 

4 AaBbp 

6 aaBbP 

2 aaBbp 





6AabbP 

2 Aabbp 

3 aabbP 

1 aabbp 

i^t 

3Pr. 

^ IPr. ■ ■ 

3 Pr. 

24 Pr. 

BPr,'-. 

12 Non- 

4 Non- 

■ 1 

gr.III 

: .gr. iii ' : gr;II, ■ 

gr.II 

gr. I 


pr. 

; pr- 


pendent 

erect pendent 

erect 

pendent 

erect 

pendent 

erect 


Or 

27 ABB 9 ABp 


9aBP 

3 aBp 



1 


9 AbP 3 Abp 


3 abP 

1 abp 



1 

f ■ 1 : 


36 purple 12 purple 12 Non-purple 

4 Non -purple 



! 1 


pendent erect 

pendent 

erect 




Or 9 „ : 3 „ : 3 „ : 1 


This result has been closely realized in Fg and confirmed by Fg (pages 244-50). 

With regard to the inheritance of the two characters, purple colour and colour 
of ripe fruit, when considered together we have A, B and R segregating. The Fi 
should hence be heterozygous for all the three factors and the following phenotypic 
proportions should be expected in Fg:— 



3AABBR 1 AABBr 6 AABbR 2 AABMt 6AaBBR 2 AaBBr 3 aaBBE 
SAAbbR. lAABbr 12AaBbR 4AaBbr 6 aaBbR 


1 aaBBr 


2 aaBbr 


G AabbR 2 Aabbr 3 aabbR 


1 a^bbr 


orango red 


orange 


orange 


orange 


12 non-purple 4 non-purple 
red orange 


orange 


9 


3 


1 



AK ' Ar ■ .aB ar 

. ,r3 . ; ■ ' 1 ■ ; ■ 1 ; : ■ • , ■ 

The 1back“Cioss, X Type 29, actually produced the phenotypes iu the follow- 
ing proportions 

1*16 ; 0*97 : 0*87 : IM 

These results are in fair agreement with what would he expected for a 44 per 
cent, cross-over value. 

In dealing with fruit-position (pendent or erect) and colour of ripe fruit together 
we have a segregation of P and R. The should be heterozygous for these factors. 
In Fg a population consisting of the following phenotypic proportions would be 
expected 


Expected results have been realized in Fg and F^ (pages 267-8). 

Considering the three characters, purple colour, fruit-position, and colour of 
ripe fruit together we have A, B, P, and R segregating. The Fj would be hetero- 
zygous for all these and in Fg we should expect to get a population of the following 
phenotypic proportions : — 


The results which we have actually obtained in Fg of Type S X Type 29 (page 
251) show that the parental characters— purple colour '' and ‘‘ red fruit and 
“ non-purple colour and “ orange fruit keep together more often than would be 
expected on the basis of independent segregation. This suggests that the 
two factors A and R are linked, and the Fj gametes, (so far as these two factors 
are concerned), AR, Ar, aR and ar, instead of being produced in equal numbers 
should be approximately produced in the following proportions for a cross-over 
value of 44 per cent. . ; ; ' . 
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9 pendent, 
red fruit 


3 pendent, 
orange 
fruit 


3 erect, 
red 
fmit 


1 erect, 
orange 
fruit 




' STUDIES m 3* ■ : ' ^ ^ 

. JX/Disoussion,,,V ' 

Purple colour in tlie plant of Type 3 according to oiir mvestigations Beems to 
depend upon two factors, one of wMch is a basal colour factor, wMclv we liay 
called A, and tlie otlier, an intensifying factor, whieli we have designated as B, 
The latter, besides intensifying pnrple colour, has no other fimction to jeifoi^ 
The appearance of slightty deepen pnrple plaiits th^^^ ^ in Fg Biiggested that 

the intensifying factor B might be contrihnted hy Type 29 but on the evidence of 
the results obtained by crossing back to the Type 3 it is certain that both A and 
B are present in Type 3 itself. 

The whole pnrple popiilation in Fg was groiiped into classes, Piirple grade III 
(like Type 3), Pnrple grade II (less pnrple than Type 3), and Pnrple grade I (like 
Fj), althongh indications of genetical variations in the last two classes were not 
wanting. The idea to sub- divide these two classes into still further grades of 
pnrple had to be given up dne to the fact that the environment plays a consider- 
able part in determining the intensity and extent of colour in plant and thus 
renders further classification difficult. 

Begarding the colour in the style of Type 29 we can only say definitely that it 
is quite distinct from the Type 3 colour and is completely linked with the non- 
purple colour in the plant. Due to the considerable amount of variation that it 
has shown even in the same plant, it has not been possible for us to ascertain 
how this purple colour in the style of Type 29 is inherited. 

Begarding the fruit-position, the appearance of both the allelomorphs, pendent 
and erect fruit-positions on one and the same individual cannot be properly 
explained. It was thought that this might be a case of somatic segregation but 
the segregation of both the pendent and the erect fruits on the same plant on a 3 
pendent : 1 erect basis in the next generation proved that this was not so. Had 
this been a case of a somatic segregation all the erect and some of the pendent 
fruits should have bred true to their respective positions. 

This aberrant condition does not either seem to be due entirely to heterosis as 
ail the F^ plants did not show it. 

As this variation is observed in Fj of both the cross and its reciprocal, it does 
not look likely that this is due to prepotency of either parent as male or female. 

Ikeno [1928] has suggested that this is due to influences of the environment, 
such as differences in temperatures, but we are in a position to say that this does 
not seem to be the cause of variation in our case at least as two F^ plants which 
were kept over and which passed through summer, monsoons, and the winter of one 
year, produced only pendent fruits. Besides, the fact that such aberrations have, 
in our case, invariably occurred only at the beginning of the first fruiting suggests 
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that the cause is not in any environmental stimulus but is some kind of activity 
or forces within the plant between the two allelomorphic characters just at this 
time such that each tries to dominate over the other with the result that the 
recessive character gets sometimes a chance to show itself before the dominant 
character establishes its dominance. The fact, that the percentage of such aberrant 
plants is far greater in Fi than in fnrther shows that this especially happens in 
plants which are most heterozygous . 

Whatever be the cause of this abnormality it (the abnormality) is helpful in 
knowing the constitution of a plant for this character beforehan d. If this pheno- 
menon were to occur in a hybrid population regularly, one could distinguish with 
certainty the heterozygous pendents from the homozygous a year beforehand as 
this occurs, so far as our observations are concerned, in/ariably in an individual 
which is heterozygous for this character. 

The colour in ripe fruit is influenced by a single factor but the presence of A 
(purple colour) in an individual gives the fruit a purplish tinge. Thus instead of 
two phenotypes/' red/' and " orange ", in Fg, for colour of ripe fruit, we have 
really speaking four phenotypes, viz., " purplish red ", " red ", " purplish orange " 
and " orange ". In other words, we have to consider here a segregation of both 
A and R on a 9 : 3 : 3 : 1 basis instead of the segregation of R alone on a monohy- 
brid basis. 

In dealing with "fruit-base" and "calyx enclosing fruit-base " or " not 
enclosing fruit-base " we have two characters showing so much interdependence on 
one another. Excepting a few cases we found in Fg that a bulged fruit-base 
was nearly always unenclosed by the calyx and that an unenclosed, unbulged 
fruit-base was very rarely met with. We have calculated the actual linkage 
intensity between these two characters by the ' Product Ratio ' method which gives 
a cross-over value of 3 per cent. 

In length of pedicel we have a case where the smaller pedicel is dominant 
over the longer. Such cases are somewhat uncommon. 

In dealing with the quantitative characters we have not been able to show 
definitely the nature of inheritance in each. We have discovered that all the size 
characters, which we have studied, are to a more or less degree linked with one or 
more of the qualitative characters, mz., colour in plant, fruit-position, and calyx 
behaviour segregating on a 3 : 1 ratio. 

The linkage relations between the qualitative and the quantitative characters 
go to suggest that the latter are inherited on very much the same basis as the 
former. In our opinion, the mode of inheritance in the quantitative characters 
is as simple as in the qualitative onea, but what makes it look complicated is the 
environment. Thus it will be seen that in our observationB in " length of petal " 
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and “ length of pedicel '' in the pure parental types (pages 273, 278) we have found 
that the mean lengths for 1928 and 1929 differed so much as to be statistically 
significant. This may be rather unusual but the fact that environments consider- 
ably influence size characters remains. 

\ Our observations so far as the Type 3 X Type 29 cross is concerned show that 

petal-length, pedicel-length, and fruit-length are linked with the colour in plant 
which is in its turn linked with the colour of ripe fruit. We have enough evidence 
to show also that the fruit-length is also linked with the fruit-position (Table VII). 
Thus we conclude that all the above characters, both qualitative and quantitative, 
have their genes located in one of the twelve chromosomes, which is the haploid 
number in this plant. 

The absence of any indication of linkage between '‘ colour in plant and 
“ colour of ripe fruit'" in the reciprocal cross Type 29 X Type 3, is, in our opinion, 
due to the fact that the linkage intensity between these characters as observed in 
the cross, Type 3 X Type 29, is indeed very low (44 per cent, cross-over) and that 
we may have failed to realize it in a small Fg population of the reciprocal, 

X. Summary AND CONCLUSION. 

The study of this cross has established that the purple colour in plant is due to 
two factors, one of which is a basal colour factor and the other which merely 
intensifies it. The cross of with Type 3 has proved that this latter is also present 
in Type 3, The purple colour is partially dominant to its allelomorph. 

2. Fruit-position is inherited on a simple monohybrid basis, pendent condition 
being dominant to erect, but as shown by our observations variations in the 
fruit-position occur even in the saine plant when the plant is heterozygous for this 
dharacter. 

3. The inheritance of colour of ripe fruit is determined by a single factor, red 
being dominant to orange. 

4. Weak linkage between colour in plant and colour of ripe fruit has been 
discovered in the cross Type 3 X Type 29 and confirmed by the back-cross results. 

5. The inheritance of fruit-apex is determined by a single factor. 

6. The nature of the fruit-base (bulging or not bulging) and that of the calyx 
(enclosing or not enclosing fruit-base) are found to be interdependent on one another 
and each is found to be inherited on a monohybrid basis. Linkage between these 
two characters is strong, the cross-over value being 3 per cent. 

7. Except for the low linkage between colour in plant and colour of ripe fruit 
in Type 3X Type 29 the characters, mz., colour in plant, fruit-position and colour of 
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ripe fmit; in pairs or all the three together, have been found to 

segregate independently . 

8. Length of fruit is probably inherited on a tri-hybrid basis in the ratio of 3 
short and intermediate fruits to 1 long. This is to some extent corroborated by the 
fact that the fruit-length is linked with the colour in plant and fruit-position both 
of which segregate on a 3 : 1 basis. 

9. Thickness of fruit is inherited on a simple monohybrid ratio. The linkage 
between fruit- thickness and calyx behaviour (enclosing or not enclosing fruit-base) 
has confirmed this. 

10. The petal-length is also found to be linked with the colour in plant. The 
ratio of short and intermediate petals to the long ones is 3 : 1. 

11. Short pedicel is found to he dominant over the long on a 3 : 1 basis. Pedicel 
length has been found to be linked with the colour in plant. 

12. The manifested heterosis in the following characters vigour, maturity, 
height of plant, productivity, and thickness of fruit. 

The writer desires to express his indebtedness to various past and present Post- 
graduate students of this Section and particularly to Messrs. E. B. Ekbote, L.Ag., 
T. E. Mehta, B.Sc., D. G. Agarwala, L. Ag., and E. 6. Joglekar, B. Ag,, for their 
valuable help during the course of these investigations. 
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THE INFLUENCE OF MANURE AND ORGANIC RESIDUES 
ON NITROGEN FIXATION IN SOIL, 

BY 

a V, DESAI, B. So, Ph.D., D.LO., 

Assistant to the Imperial Agrimltmal Baoteriologist^ Pima. 

(Received for publication on 10th October 1932) 

It has been known for many years that the addition of soluble carbohydrates, 
such as glucose, cane sugar, and mannite, in the proportion of one or two per 
cent, to soils is followed by measurable gains in soil nitrogen after two or three 
weeks' incubation, provided temperature and moisture conditions are favourable. 
When green manures and other plant residues are added to soil, these are broken 
down by the action of soil organisms into simpler carbohydrates, which might 
/ prove to be a source of energy for the nitrogen-fixing bacteria, and the beneficial 
efiect of the organic manures might in some degree arise from the subseq[uent 
fixation of nitrogen. To find out if such fixation of nitrogen does actually take 
place, several series of experiments were carried out. 

In the first series, whole green plant of hajra {Pennisekm iyphoideum), maize 
{Zea Maps), cowpea [Vigna catiang), and dhmmha (Sesbania amleata) inclxiAing 
roots and the leaves of the ashoka tree {Polyalthia longi folia), used as 

manure after being cut up as finely as possible with scissors. Samples were taken 
for the estimation of moisture and nitrogen, and the green stuff was added to 
Pusa soil in the proportion of two grms. per hundred grms. of soil. The moisture- 
content of the soil was made up to 16 per cent., the optimum moisture-content for 
Pusa soil, by the addition of distilled water. • 

A second series was started at the same time which differed from the first in 
that moisture was made up to 16 per cent, by the addition of extract of well 
rotted manure. This extract was prepared by shaking 10 grms. of manure in 
a litre of water, allowing it to settle, and filtering off the superanatant liquid. 
The extract added 1 mgm, nitrogen to the original content of 48 mgms. per 100 
grms. soil. The second series was started because it was considered possible that 
the bacteria introduced by the manure extract might expedite the breaking down 
of the complex carbohydrates into simpler forms to be utilised by the nitrogen- 
fixing bacteria. 
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In the two series, duplicate lots of 600 grms. soil were taken for each mate- 
rial Incnhation was at 30*^ C. and the loss of moisture was made np once a week. 

At the end of two months a large sample of about 100 grms. was withdrawn, 
air-dried, well mixed, seived, and nitrogen estimated by modified Kjeldahi 
methods in duplicate samples of 10 grms. each. N/14: acid and alkali were used 
for titrations. More dilute acid and alkali did not give a well-defined sharp end 
point. Methyl red was used as an indicator. Similar estimations of nitrogen 
were done after three months" incubation. 

The results given in Tables I and II show that definite quantities of nitrogen 
were fixed in all cases and that these were greatly increased by the addition of 
manure extract to make, and cowpea. Though control series with soil 

and moisture alone were not started simnltaneously, in several experiments 
carried out in another connection at the time, in which the Pusa soil alone was 
incubated with moisture, the nitrogen fixed was found to vary from 0*6 to 1*6 mgms. 
per 100 grms. of soil The large increase of nitrogen in treated soil is therefore 
to be attributed to the addition of organic material 


Table I. 

Nitrogen fixation per 100 grms, soil by addition of fresh green plant tissues* 

{Mgm* orniirogeti per 100 grms. of air^drpsoil) 
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unfei^ented green manuTe supplemented with manure extract 
(Mgma, of nitrogen per ItO grrm, of air-dry soil) 
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la our next experiments we tried to find out whether rotting of the green 
stuff previous to its application to the soil had any effect, beneficial or otherwise, 

on the fixation of nitrogen. , „ . , i / . 

The materials used were, as before, maize, cowpea and dhamcha plants and 
asfoib leaves, but sann hemp {Crotalana jmeea) was substituted for bajra of which 

further supply was not available. 

They were chopped finely and packed in jars, with loosely fitting covers after 

withdrawii^ samples for the estimation of nitrogen and moisture. 

Two jars of each material were taken, to one of which was added 6 per cent, 
of manure extract, made as previously described, and to the other 6 per cent, of 

distilled water. -r t d. 

The materials were stirred and mixed every week to ensure uniform fermenta- 
tion Samples were withdrawn at the end of one, two and three months, for the 
estimation of nitrogen and moisture, and from these figures, togetbei with that of 
the loss in weight of the bulk, the total nitrogen remaining in the bulk was calcula- 
ted, and the results are shown in Table III. 



Data about the fermentation of the green manures. 



ot GtmM MAMtrm mi) EESit>0iis oi? nitrogen EixAtioN S07 

It will be noticed that the total nitrogen m the bulk of the green stuff steadily 
diminished during the period of the experiment. At the end of each monthj at the 
time of sampling, portions of the fermented materials were added to soil in the 
proportion of 2 grms. per 100 grms. soil, and the several lots of soil incubated for 
three months, as in the earlier sets of experiments. The total nitrogen in soil was 
estimated after two months and again after three months. 

The amount of nitrogen fixed was also calculated on the basis of the dry weight 
of the green stuff before fermentation. The results given in Tables IV, V and VI 
show that with maize, cowpea and dhaincha, the amount of nitrogen fixed after 
two months, per grm. of original material, on the dry basis, increased with the 
period of fermentation, but this was not true after three months' incubation. 
Continued fermentation, except of cowpea, depressed the amount of nitrogen fixed, 
expressed as the amount per gram of unfermented material, calculated on the dry 
basis. Fermentation of the green stuff ier one month increased the nitrogen fixed 
when maize was added, to a high degree, and to a less extent when cowpea, dhaincha 
or sanai was added. When manure extract was added with the fresh material, the 
differences were less marked, except with cowpea, where the nitrogen fixed far 
exceeded that fixed on the addition of fermented cowpea. 
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Effeet of 3 months’ f&rmented green manure m nitrogm fixation in soil, mgms, of nitrogen per lOO grms. of air-dry soil 
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Experiments were next started to see whether pure cultures of nitrogen-jfbdng 
organisms could utilise as a source of eneigy the products formed when plant tissues 
were acted on by cellulose-dissolving organisms. 

Three kinds of plants were used, namely cowpea, maize, and asTioTca leaves. 
The materials were dried, powdered, and one gram weight put into flasks containing 
100 c. c. of the medium containing. 

(1014)3804 .. .. .. .. 2 -Operoent. 

K2HPO4 .. .. 0 * 5 percent, 

MgS04 .. .. .. .. 0-2 per cent. 

NaCl . . . . ~~ . . . . 0*1 per cent. 

GaS04 .. •• .. 0*1 per cent. 

Soil (calcareous) .. .. .. .• 1*0 per cent. 

of the plant tissue the flasks were sterilized, inoculated 
with pure culture of cellulose-dissolving organisms incubated for one month at 

0. Duplicate flasks were then inoculated with pure cultures of nitrogen- fixing 
organisms, incubated for 3 weeks, and the total nitrgeon estimated. The results 
are shown in Table II. 

Table VIL 

NitTogen fixation %n solution with green man/me. 


Total 

nitrogen 


Nitrogen 

fixed 


Total 

nitrogen 


Nitrogen 

fixed 


Total 

nitrogen 


Nitrogen 

fixed 
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of farm yard manure : a set of five flasks was taken two of which were sterilised as 
controls, and the other three incubated for 4 weeks, after which nitrogen was esti- 
mated in all the flasks. To a second set of five flasks were added 2 grms. farmyard 
manure and 1 grin, rotted sann hemp. Of this set also, two flasks were sterilised 
and kept as controls, and the other three incubated for 4 weeks, and nitrogen esti- 
mated. The results for the two sets are given in Table VIIL 

Table Vin. 


Nitro(je7i fixakon with roiled greeh manure in soluliorL 



Basal medium 
and 2 grms. 
farmyard manure 

Average 

Basal medium and 

2 grms. farmyard 
manure and 1 grm. 
rotted sann hemp 

Average 






Mgms. 



Mgms. 

Control 

• • 

] 

,w-oJ 

- 

13-95 

1 

'■34-2 1 

L34-1J 

34*15 



j 

'14*2 " 




'■ 35*5 ^ 


Incubated flasks - 

• 

i 

14 a 

^ 1 

14-3 


35-6 1 

35*53 




J4-4^ 




^ 35-5 J 


Nitrogen fixed 

• ■ 


•• 


0-35 



1*40 


^ T^^^ on nitrogen fixation having* 

been tested, in the next series straw, fresh and fermented, was used. 

The straw was fermented by adding 2 per cent, ammonium carbonate and 
keeping moist for three months, by which time the weight had diminished to about 
one half of the original. 

Before mixing with the soil, the fermented straw was dried and pulverised. 
It was added at the rates of one per cent, and 2 per cent, to duplicate lots of soil 

The fresh straw, dried and powdered, was supplied at the rate of 2 per cent, 
to duplicate lots of soil. 

The nitrogen content of the fresh straw was 6*6 mgms. per gram and of the 
fermented 13 *4 mgms. 

The soil was brought to optimum moisture content, loss of moisture made up 
every week, and nitrogen estimated at the end of two, three and four months. 

The results given in Table IX show that maximum fixation of nitrogen was 
^ obtained by the addition of one per cent, fermented straw* 



Effect of fermented and imfennented straw on nitrogen fimtion in soil, mgms. of nitrogen 
per 100 grms. of air-dry soil. Original nitrogen in soil 42-5. 
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At the same time as the nitrogen-fixation experiment, pot-culture experiments 
were carried on, in which one per cent, and 2 per cent, fermented, and 2 per cent, 
fresh straw was added to the soil and oats grown. As is usually found the addition 
of straw seriously depressed the yield. The addition of fermented straw increased 
the yield by one-sixth ; there were no significant difierences between the yields when 
one per cent, or 2 per cent, was added. 

Table X . 



The results of the pot experiment with fermented and unfermented straw (oats). 


Pot aumber 


Treatmoixt 


Weight of 
whole plants 
grms. 


Weight 
of straw 
grms. 


Weight 
of grain 
grms. 


Number 
of tillers 
fertilised 


Total 
number of 
tillers 


Average 


Control 


Unferment e d 
straw 2 per 
cent. 


29*0 

28-0 

27-0 


28*0 


16*0 

6*5 

4*5 

11*5 

6*0 

2*6 


6*0 

2*0 


16*0 

16*0 

14*0 


16*33 


11*6 

11*0 

10*6 


11*0 


6*5 

16*6 

16*0 

16*5 

16*33 


13*0 

12*0 

13*5 

12*83 


Ferm e n t e d 
straw 2 per 
cent* 


31*5 

30*0 

37*0 


16*0 

13*6 

18*6 


13*0 

12*0 

14*6 


Average 


12*83 


32*83 


15*66 


13-16 


Ferm e n t e d 
straw one per 
cent. 


30*5 

29*0 

32*5 


Average 


Average 


31*66 
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Two series of experiments were also carried out to test the utility of 
straw as a source of energy for nitrogen-fixing bacteria in pure culture* 

A basal medium was made up consisting of— 



0*2 grm. 

MgSOi 

0*04 grm. 

{NHd aS04 

0*1 grm. 

CaOOs 

10*0 grms. 

GaSO^ 

0*002 grm. 

Water 

1,000 0. 0. 


Fifty c. c. of the medium were distributed into each of ten flasks, and 1 grm, 
well rotted farmyard manure and 5 grms. straw added to each flask, and incuba- 
ted at 30^ 0. for two months. 

The flasks were then sterilised, a pair kept as controls, and other pairs inocula- 
ted with azotobaoter, a nodule organism, Clostridium, and a nitrogen-fixing organism 
from manure respectively. 

Duplicate flasks of Ashby's mannite solution were also inoculated with these 
organisms (Table XI). For comparison concurrently with the first series of flasks, 
another series was set up, in which the basal medium was composed of — 

KgHPO* . . . . . * . • . . 1*0 grm, 

MgSO* . • . . . . . . . • 0*2 „ 

NaGl . . . . . . . . ; • 0*2 „ 

OaSO* . . . . . . . ‘ • • 0*5 „ 

Water . . . . . . . . . • 1,000 o.c. 

Ten flasks each containing 100 c.c. of this medium, were taken and 0’5 grm, 
calcium carbonate 0'6 grm. fermented manure and I'O grm. powdered straw added to 
each. After sterilisation the flaskB were inoculated with cellulose-destroying or- 
ganisms and incubated for one month, and then pairs of flasks inoculated as in the 
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otti er series. The results are shown in Table XL 

Table XL 


Effect of simw on nitrogen fixation in different solutions. 


'.Nitrogen fimr need 

Fermented manure 1 

Powdered straw 5*0 

i I 

Pure culture cellulose organisms 

Fermented manure 0*5 grm. 
Powdered straw 1 grm. 

Total 

nitrogen 

Nitro- 

gen 

fixed 

Nitrogen 
fixed per 
grm. of 
mannite 
in Ashby’s 
solution 

Total 

nitro- 

gen 

Average 

total 

iiitro- 

gm 

i Nitro- 
gen 
fixed 

Nitrogen 
fixed per 
grm. 

ofma-imit© 
in Ashby’s 
solution 


Mgms. 

Mgms, 


Mgms, 


Mgms. 



66*8 ) 


c 

12-0 




Control , - A 

155-7 

• ^ 

Bun con-K 


f 11*8 

• * 

•• 

L 

66*6 ; 


current- 

il-6 

) 











( 

60*8 ) 


f 

13*6 

•) 



Azotobacter . , ^ 

C61-2 

5*5 

2-975*J 


[ 13*55 

1*75 

2*975 

( 

61*6 ) 


\ 

13*5 

3 



c 

66-9 ■) 


f 

12*9 

) 



Nodule oi^anisms .1 

?66*9 

1*2 

0-976-{ 


^12*7 

0*90 

0-975 

( 

56*9 3 


1 

12*5 

) 



c 

60*15 -) 


r 

13*6 




Manure oi^anisms . < 

^60*4 

4*7' 1 

l-276<{ 


(l3*5 

1-7 

1-273 

1 

60*80 ) 


1 

13*5 

) 



^ ( 

66*7 ') 


f 

11*80 




Clostridium , . } 

[ 66*65 

10*95 

0-873-^ 


i 12*15 

0*35 

0-873 

i 

66*6 ) 


1 

12*5 





The nitrogen fixation with 5 grms. fermented straw is higher than Ashby's 
solution for each organism, especially for the oloslridhm. The medium containing 
one gram of straw fermented by the pure culture of cellulose destroyers was superior 
to Ashby's, only with the nitrogen-fixing organism that had been isolated from 
manure. 

This organism had been isolated from cow and horse dung, which had been 
found to fix nitrogen in a series of experiments described below :• — 

Five grams of the dung with 0*6 grm. calcium carbonate and 100 c.c. water, 
were placed in duplicate fiasks, and another pair of flasks was taken in which 
Ashby's mannite solution containing one grm. mannite replaced the water. Each 
flask was connected to an ammonia trap, containing 200 c.c. of A/M sulphuric 
acid and air drawn through flasks so as to bubble slowly through the acid. 
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Appreciable quantities of nitrogen were fixed by horse dung both in tap water 
and in Ashby’s solution. The amount of nitrogen fixed by cow dung in tap water 
was slight but that in Ashby’s solution was eight times as much as in tap water. 
The increase in the amounts of nitrogen fixed due to addition of Ashby ’s mannite 
solution was the same either with horse dung or cow dung. From both lots of cow 
dung the quantity of ammonia evolved amounted to about 25 per cent, of the total 
nitrogen, while that from horse dung was not so great. The horse dung gains in 
total nitrogen when properly aerated even when the ammonia lost is not taken 
into account. 

A mixture of horse and cow dung manure alone and with addition of straw 
was then tested for nitrogen fixation under aerobic conditions. One hundred gima. 
of manures were placed in each of the duplicate flasks, provided with ammonia 
traps and air drawn through as in the previous experiment. The nitrogen was es- 
timated after 3 weeks’ continuous aeration and the results are shown in Table XIII. 

Table XIII. 



I 



Fixation of nitrogen in cattle mamire and manure littered with straw ly coniinmns 

aeration for 21 days. 



No. 

Amount of manu^© 
taken 

Amount of straw 

. 

Total amount 

Total nitrogen in each 
flask at start 



Grms. 

Grms. 

Grms. 

Mgms. 


1 

100 

Nil 

100 

330*0 

* 1 

2 

100 

Nil 

100 

330*0 

s 

3 

30 

10 

40 

184*0 


4 

30 

10 

40 

184*0 


Treatment 


Manure • 


Manure straw . 


After 21 days 


Mgms. 

3-3 

3*1 


Nitrogen in flasks 

Total nitrogen 

Fixation of 

nitrogen in 

each flask 

Mgms. 

Mgms. 


340*2 

345*6 

13*6 

369*3 

362-4 

32*4 

192*1 

194*1 

10*1 

189*9 

191*8 

7*8 


g 

11 gr- « 


B 


.a *5S S 


23*0 


30-0 


Distinct gains of nitrogen were again found and show significant effect of the 
addition of straw, nitrogen evolved as ammonia is much smaller than that fixed in 
the flasks. The added straw appears to supply the energy and to provide better 
aeration for nitrogen-fixing organisms. 

Conclusions. 

The experiments detailed in the foregoing pages definitely show that the 
fixation of nitrogen does take place when green manures, farmyard manure, straw 
or any other organic material is added to the soil under favourable conditions of 
temperature and moisture. " 
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In almost all field experiments where the nitrogen balance-sheet is drawn after 
removal of the crops, the balance is favourable and indicates a gain in soil 
nitrogen, allowance being made for the nitrogen removed by the crops. The 
experiments detailed here can explain how this gain of nitrogen is bronght about. 
Almost all forms of organic material help the nitrogen-fixing organisms of the soil 
and if sufficient time is allowed for their activity, the nitrogen content of the soil 
is increased. The crops grown immediately after the application of fermented 
green or dry organic manure derive much nutrition since the nitrogen of such 
manures is easily available. Where unfermented organic manures are used, time 
has to be allowed for their decomposition in the soil before the crop following such 
application can derive any benefit. The enrichment of soil in nitrogen brought 
about by unfermented manures is not equalled by fermented manures, nitrogen 
fixation with unfermented manures being generally higher than with fermented 
manures, provided sufiicient time is allowed for the decomposition of the former in 
the soil. The tissues of non-leguminous plants ultimately add much more atmos- 
pheric nitrogen than those of leguminous plants, when fermentation with soil is 
accelerated by the addition of manure extract. The total nitrogen of the soil is 
brought up to the same level in both the treatments because although the legu- 
minous plants are much richer in nitrogen at the time of addition to the soil, the 
subsequent nitrogen fixation in the case of non-leguminous plants is much greater. 

The fermented tissues of non-leguminous plants are much more beneficial than 
those of leguminous plants for fixing atmospheric nitrogen. Artificial faimyaid 
m^ prepared by fermenting straw was found to fix in the soil a fairly large 
amount of nitrogen from the air and to benefit the plants to a great extent as seen- 
by the pot-culture experiments. 

Various experiments conducted in artificial media show^ the diiierent organisinB 
that are responsible for the addition of atmospheric nitrogen and the materiais 
which serve as energy for the nitrogen fixation by them. Materials like cow and 
horse dung which are known to lose nitrogen on keeping were found to fix atmos- 
pheric nitrogen when they were aerated and loss of nitrogen as ammonia recovered 
from them and taken into account. Aeration of soil proved to be the main factor 
responsible for nitrogen fixation. This shows that the proper cultivation of the 
soil which brings about aeration, and thereby addition of nitrogen, is of great impor- 
tance for maintaining the level of soil nitrogen and for the ultimate benefit of the 
crops. 
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L Inteobuction. 

In the course of examination of cotton obtained from each week's picking, it 
was found that there was a large variation in the number of convolutions per 
eentimetre. As Adderley [1922] had found that the clinging power of cotton 
hairs depends upon the convolutions ", it was thought that a study of the former 
property in these samples would be of interest. But it has been shown by Navkal 
and Turner [1930] that the clinging power by itself has a negative correlation with 
the spinning value, while the property called the clinging power per whole fibre per 
unit fibre-weight per inch has a positive correlation with it. In order, therefore, to 
understand the effect on the spinning value, it is the latter property that should be 
taken into consideration. As in the calculation of this property the fibre-length 
and the fibre-weight are to be known, these values were also determined in addi- 
tion to the clinging power. The present paper deals with tlvis study. 

II. Material and sampling. 

During February and March of 1930, samples were collected from the 
weekly pickings of Cambodia Co. 2 (G. hirsulum) grown in the unmanured plots 
of field No. 5a of the Cotton Breeding Station, Ooimbatore. With a view to reduce 
the variation within the samples to a minimum, care was taken to select only nine- 
seeded locks from four-locked bolls bursting in each week. Even among the seeds 
in the lock a further selection of the fourth and fifth pasitions was made to get 
a uniform sample. The eight samples thus obtained formed the material for the 
present enquiry. 

III. Experimental methods. 

The fibre-length was determined by means of the Balls' Sledge Sorter. Gene- 
rally two tests* were made, but if sufficient agreement was not observed between 
the two, one or two more determinations were made and the mean of all was taken. 
The fibre- weight was determined by cutting centimetre lengths and weighing them 
in a quartz-fibre-torsion-mioro-balance as described in the Technological Reports 
A separate sliver was prepared for each test. 
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on Standard Indian Cottons [Turner, 1928]. The determination of the con- 
volutions was also carrried out as in the above-mentioned reference, by counting 
the total number of convolutions over the entire length of the fibre and dividing 
it by the length. Fifty fibres were examined for each sample. Though a much 
larger number is required according to Koshal and Turner [1930], this number was 
deemed sufficient in the present case, because the variability in these samples was 
very small and the differences were found to be significant (Table I). It may be 
mentioned that the small variation observed in the present samples should be due 
to the elimination during sampling of many of the factors that go to widen the 
variation. 

The method followed in the determination of the clinging power was exactly 
the same as that described by Navkal and Turner [1930], except for the fact that 
instead of using calcium chloride solutions giving appropriate relative humidities in 
the O'Neill tube, water was employed. This modification had to be made in spite 
of its drawbacks, because the use of the solution was found to soil the pads badly, 
especially wffien the same pair of pads had to be used for testing all the eight 
samples, as will be dcvscribed below. 

The clinging power determined in the present work is of two kinds. One is 
the normal clinging power which is obtained when the fibres in the pads and those 
tlnxt are slipped through them are derived from the same sample. The other is the 
cliiiging power determined by keeping a single pair of pads constant and slipping 
througli them the fibres from all the other samples. The object in making the 
latter measuremenrs is to study the fluctuation that would be caused in the value 
of the clinging power, when there is difference in the average number of convolu- 
tions between tlie fibre? in the pads and those that are slipped. 


IV. Discussion op results. 

FihreAimgfh, fibfeMVBigU ami commuiio'M these properties are 

given in Table I . 

Table I. 
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Comolutiom in pads, 39, 


JSTo.of 

picking 

Convolutions 
per cm. 

Eibre-weigbt 
per cm. 
10*-6 grm. 

Clinging power grms. 

Clinging 
power per 
unit surface 

C. pr. X length 

j Value 

Standard error 

(Fibre-weight 
per cm.) 

1 i 

60 

1*87 

5*30 

0*13 

3*38 

7*86 

2 

58 

1'92 

5*32 

0*15 

3*84 

7*61 

3 

47 

1*87 

5*53 

0*14 

4*04 

8*12 

4 

39 

1*88 

5*98 

0*15 

4*36 

8*74 

5 

35 

1*81 

5*65 

0*13 

4*20 

8*57 

6 


1*77 

5*55 

0*13 

4*17 

8*45 

7 1 

22 

P85 

5*30 

0*13 

3*90 

7*26 

8 

20 

2*04 

5*63 

0*13 

i 3*94 

6*92 


* The rang© of half oonvolutions in Adderley’g [1922] work was between 20 and 90. 


The fibre-length is practically constant except in the last two pickings where 
it shows a sudden fall. The fibre-weight also does not appear to show much 
fluctuation. On the other hand the number of convolutions varies a good deal, 
steadily decreasing as the picking advances. All the differences except two, viz,, 
those between the first and second and the seventh and eight pickings are significant. 
The difference betw^een the maximum and the minimum is as high as two-hundred 
per cent, of the latter or sixty-six per cent, of the former. 

OUnging power , — In discussing this property the following procedure is 
adopted. The values of the clinging power when a single pair of pads is used for 
testing all the samples are taken up first. After examining the three sets of results 
one after the other and summing up all the three, the case of identical sample both 
for the pads and slipping fibres is considered. 

Comohtions in pads, 5*9.— This case corresponds to a certain extent with that 
of Adderley's [1922], for fibres having a varying average number of convolutions, 
varying as they do from 20 to 60,* are pulled against pads which contain on the 
average 39 convolutions, that is, about the mean of the range under study. 

The results obtained are given in Table II.. 


Table II. 


CONVOX-CTIONS PEB, C M-. 
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It will be seen that the clinging power incieases as the convolutions increase 
.nd attains a maximum when the slipping fibres possess the same number of 
'onvolutions asthose in the pads and then decreases though the eonvolutions 

It is no doubt true tliat all the difierences are not statistically significant 
Sit "^ertlieless th^^^ of the sha^e of the curve (Pig. 2), m., the 

rise and the fall. „ . • i ^ i t 

It is interesting to note that these results are in conformity with those of 

Adderley [1922] who also obtains curves similar to the present. 


COMVOL.U't IONS ihPAD5 = 39. 



Com vouuT lOMs 


POWEH X LH.HaTH/F-Wr. 
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It will be seen in Fig. 2 that the value of the clinging power for convolutions 
20 is significantly higher than the corresponding value on the smoothened curve. 
This may be due to the high value of the fibre-weight obtained for that sample. 
The error due to the variation of this factor may, as pointed out by Navkal and 
Turner [1930], be eliminated by dividing the value for the clinging power by the 
square root of the corresponding fibre-weight, when an approximate measure of the 
clinging power per unit surface area is obtained. The points representing this 
property also lie on a curve similar to the above but they show less divergence 
from the smoothed out curve than do those of the bare clinging power (Fig. 2). 

The values of the clinging power obtained above may be used to examine 
what the effect of mixing cottons with different number of convolutions will be 
bn the spinning value. It was found by Navkal and Turner [1930] that the 
clinging power had a negative correlation with the spinning value, while the corre- 
lation co-efficient between the latter and the clinging power per unit surface area 
was only — OT which is insignificant. On the other hand, it was found that the 
correlation co-efficient between the quantity called the clinging power per whole 
fibre per unit fibre -weight per inch and the spiiming value was as high as +0-6, 
which is fairly significant. It is clear, therefore, that in the determination of the 
spinning performance of a cotton, it is this quantity that should be taken into 
consideration. The last column of Table II and the central curve of Fig. 2 show 
these values. It will be seen that these values also lie on a curve similar to the 
other two but on account of the increased variability many of the differences are 
not significant. It is fairly clear, however, that there is a tendency for the 
occurrence of higher spinning values when cottons having nearly the same number 
of convolutions are mixed. 

Convolutions in pads, 60— Having found that the form of the curve of cling- 
ing power is a rise and a fall when the pads contained fibres having about the 
mean number of convolutions of the range, we may now consider what it will be 
when the extreme samples are used for the pads. The case when this sample has 
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the convolutions of the range will be considered at present. The results 

are given in Table III and represented graphically in Mg. 3. 


CONVOLUTIOKS IHPBDS=60 


C. POWER 

c.power//?:w 
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Table III. 

Convolutions in pads, 60. 


LAHjII. 


„ ... Fibre-weight 

Convolutions 
per cm. 



Clinging power grms. Clinging ^ 

— 

' unit surface (Fibre-weight 

Value Standard error per cm.) 


6*16 

0*16 

4*60 

6*81 

0*16 

4*19 

6*74 

0*13 

4*19 

6*67 

0*15 

4*14 

5*59 

0*16 

4*15 

5*32 

0*15 

4*00 

6*30 

0*14 

3*90 

6*63 

0*14 

3*94 




The clbiging power is a maximum when the fibres tested possess the same 
number of convolutions as the pads do, and decreases as the convolutions decrease. 
The form of the curve is nearly a straight line. Here also, as in the previous case, 
an the differences are not reliable but there can be no demal of the faU. 

Dividing the clinging power by the square-root of the fibre-weight does, as 

before, lessen the divergence from the smoothed out curve. 

As regards the quantity, cUnging power per whole fibre per unit fibre weight 

percentimetre, aU the values obtained are nearly the same except those for the 

last two pickings which are significantly smaller. This means that mixing cottons 

widely during in the convolutions may tend to reduce the spinning value, while 
mixing of the others produces very little effect. 


I : . 
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Convolutions in fads, 22 . — The case when the number of convolutions in the 
pads is about the minimum of the range may now be considered. Table IV and 
Fig. 4 represent the results. 

i 

CONVOLUTIONS WPWS-ia.. 





ZO 30 40 SO 60 

C0HVO»-UT10HS 
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Table IV. 

Conmluhons in pads, 22. 


No. of < 
]*jckmg 

[km, volutions 
per em. 

Fibre-weiglit 
per cm. 
10-.« grm. 

Clinging power iii grms. 

Giinging , < 
power per 
unit surface 
grms, 

D. pr. X lengtii 

Value 

Standard error 

(Fibre-weight 
jier cm.) 

2 

60 

1-87 

4-70 

0*11 

3*50 

7*10 

1 ■ ■ 

1 , 58 

1-02 

4*74 

0*14 

3*42 

. 6*78. 

■ 3 

' 4:7 , 

1-87 

4*94 

0'14 

3*61 

7*26,' 

, 4v 

m 

1-88 

■5*36 

0*13 

3*91 

■ ' ;'7*83;:^ 

5 

85 

1*81 

6*60 

0*13 

4*09 

8*35 ' 

6 

30 

1*77 

6*64 

0*14 

4*24 

8*68 

7 

22 

1*85 

5*98 

0*13 

4*39 

8*19 

8 

20 

2-04 

j 6*88 

0*13 

4*12 

7*23 


It will be seen that here also tbe clinging power is a maximum when the 
fibres in pads and those that are tested are derived from identical sample. It 
decreases as the differences between the number of convolutions in the two increases. 
The curve is a straight line similar to the previous one but with a slope in the 

negative direction. . / 

The figures for the clinging power per whole fibre per unit fibre-weight per 
cm. show that the maximum instead of corresponding to 22 convolutions does to 
30 Moreover, the value for the case of identical pad and sample tested does not 
differ considerably from that for the others. It follows, therefore, that the spin- 
ning value is not considerably affected by any of the different mixings. 

Same pod /or flii! scmpZes.--The three cases considered above possess a number 
of common features which may be summed up as follows. 

The clinging power is uniformly maximum when the fibres in the pads and 

those tested Tre derived from identical sample, a fact which holds true whatever 
may be the number of convolutions for the sample. 

When the fibres tested do not possess the same number of convolutions as^ the 
pads do, there is a fall in the value of the clii^ing power. This fall is always positive 
whatevCT may be the sign of the difference in convolutions. 

The fall increases as the difference increases. This can be clearly seen in 
T able V which gives the differences in the clinging power as well as the clinging 


OHlOHnO 


CLINGING POWER OP COTTON AND CONVOLUTIONS PER CENTIMETRE 


m 


power per unit surface area corresponding to those in the nunahcr of convolutions. 

The same is shown graphically in Fig. 5. 

CONVOLUTIONS IN PftDS - 39. © o » 

• * » ^ - 60 - +- 1 

i> •»» ?? = ZZ- A * -A 
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Table V. 


Differences in clinging power corresponding to those in the nnmher of eonvolniions. 


Pad convolutions, 39 

Pad convolutions, 60 

Pad convolutions, 22 

Convolu- 

tioua 

Clinging 

power 

CHng- 

ing 

power 

per 

unit 

surface 

Convolu- 

tiouB 

Clinging 

power 

Cling- 

ing 

power 

per 

unit 

surface 

Convolu- 

tions 

Clinging 

power 

Clinging 
power per 
unit 
surface 


0*33 

0*16 

—2 

0*36 

0*31 

—2 ' 

0*10 

0-27 

8 

0*45 

0*32 

—13 

0*42 

0*31 

8 

0*34 

0*16 

—9 

0*43 

0*19 

—21 

0-49 

0*37 i 

13 

0*48 

0*32 

—17 

0*68 

0*46 

—26 

0*67 

0*36 

17 

0*62 

0*49 

—19 

0*35^ 

0*42 

—30 

0*84 

0*50 

26 

1*04 

0*79 

19 

0*66 

0*52 

—38 

0*86 

0*60 

36 

1*24 

0*98 

21 

0*68 

0*49 

—40 

0*63^5& 

0*66 

38 

1*19 

0*90 


When medinna twisted yarns were considered, it was found by Navbal and 
Turner [1930] that the yarn strength and the clinging power were negatively 
correlated. But in soft twisted yarns, where the effect of twist is not marked, 
it may be possible that the strength of the yarn depends on the clinging power. 
In such a case it follows from the above results that the selection for mixing of 
cottons possessing nearly the same number of convolutions would tend to increase 
the strength of such a yam. 

A tendency towards a similar effect of such a mixing on the spinning value, 
as determined by the highest standard warp count, is also noticeable but the 
conclusion is not always trae. 

These valuer stow some discrepancy, which may be accounted for by the high Take of fibre- 
weight obtained for these cases. On eHminaikn cf this factcr the disciepncy is fcnnd to Ysnish as 
can be seen in the corresponding figures in the next column. 



CLINGING POWER OP COTTON AND CONVOLUTIONS PER CENTIMETRE 


331 


Pads and fibres tested from identical Sff5nj>?es.~T]ie variations considered above 
do not represent those that occur in common practice because in those cases 
fibres having varying number of convolutions were tested with pads having some 
arbitrary average number. In order to correspond to a normal case, fibres in the 
pads as well as those that are pulled must be derived from identical samples. It 
would then give the effect of the convolutions as would occur in common practice. 
Such a case will be considered at present. Fig. 6 and Table 'VI represent the 
results for the eight samples when the pads and fibres examined were obtained 
fiom identical samples. 




!ii 
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Table VI. 

Puds and fbres from identical samples. 


No. of 
picking 

Convolutions 
per om. 

Fibre-weight 

Clinging power in grins. 

Clinging 

per 

cm, 10-® 
grm. 

Value 

! 

standard error 

power pel* 
unit 

1 , , '■ surface 

1 

58 

1'92 

5*70 

0*20 

■ . 4*14 ■ 

2 

60 

X-87 

6*16 

o-io 

4*50, ■ 

3 ' 

4:7 

1*87 

6*73 

0-12 

''4*I9^ 

. 4; 

31) 

1*8S 

5*08 

0*15 

4*36: \ 

5 

36 

l-Sl 

6*10 

0*18 

4*58' : ■ 

6 

30 

1*77 

5*92 

0*15 

4*45 

7 

22 

1*85 

5*98 

0*13 

4*39 

8 

20 

2*04 

6*34 j 

0*16 . 

4*43 


Thoiigli the mdivicliial valiies of the clinging power in this case axe of nearly 
tlie same order as was found to exist in the other three cases, it is interesting 
to find that no systematic and orderly variation, as was observed therein, 
is perceptible here. Except for the last value, which is significantly larger, 
all the others are nearly the same. Even this exception vanishes when correction 
is applied for the variation in the fibre-weight, thus showing that it is due 
to the abnormal value of the latter factor. It follows therefore that when the pads 
and fibres are from identical sample, the clinging power (other properties being equal) 
remains the same whatever may be the number of convolutions. In other words, 
convolution has no correlation with the normal clinging power. The value of the 
correlation co-efiicient between these properties is — 0‘38di0’20. As the co-efficient 
is only a little greater than its error no importance can be attached to it. There 
is no improvement either when the variation in fibre-weight is corrected, for even 
then the co-efficient is only -~t)*34±0*21. 

The result, that the variation in the convolutions has no effect on the 
normal clinging pow-er, may probably account for the fact that no correlation 
has been observed so far between the convolutions and the yarn strength. 

' V.: CONOLUSIONB. ' 

(1) When the same pair of pads is used for testing all the samples, 

(a) the clinging power is a maximum when the fibres tested and those 
that form the pads are derived from the same sample, 
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{b) if the exmvolatioiiB in tire there is always a fall in the 

clinging power; this fall increases with increasing diilerence 
irrespective of the sign,. 

(c) the elimination of the variation in fibre-weight will make the results 
agree better with the conclnsions enunciated above. 

(2) A possible consequence of the above-mentioned conclusions may be that 
the strength, of soft twisted yarns tends to increase; if cottons possessing nearly 
the same number of convohitions are selected for mixing. 

A similar effect of such a mixing on the spinning value, as determined 
by the highest standard warp count, is also noticeable but the conclusion is not 
always true. 

(3) When the fibres in the pads and those tested are derived from identical 
samples, the clinging power bears no relationship with the eonvolutions, which 
probably accounts for the fact, that no correlation has so far been obtained 
between the yarn-strength and the convolutions. 

VI. ACKNOWLEnaMENTS. 

The writer wishes to express his thanks to Mr. V. Ramanatha Ayyar, Cotton 
Specialist, Coimbatore, for permission to cany out this work as well as for his very 
valuable suggestions. His special thanks are due to Dr. Nazir Ahmad, Director, 
Cotton Technological Research Laboratory, Matnnga, for the supply of apparatus, 
for reading through the manuscript and for the very valuable improvements 
lie suggested in the preparation of the paper. 

The work was carried out under the financial assistance kindly rendered by the 
IrHliaii Centiml ( Vdkni ( Anrmltte<% Bombay. 

REFERENCES. 

Aihhatey, (19^^ SMrle;^ TnslHtde 

KokIulI, H. S. and Turner, A. *J. (i980), Indian Ccmtral Cotton Committee Technological 
Lahoratory^ TecJenulvgical Bidletin IB. ^ 0 . 10 

Navhal, H. and Turner, A. ef. ()930R Indian Central Cotton Committee Technological 
Labor atory t Teidi/wlogkal Bulletin Q. 

Turner, A. J. (1928). Indian Central Cotton Committee Technological Laboratory^ 
Techmlogieal BuUe^tin 


A NOTE ON A CROSS OF GOSSYPIVM STOCKSIl M. MAST 
WITH GOSSYPIUM IZVD/Cf/M GAMMIB. - 


BY 


MOHAMMAD AFZAL, B.So. (Agbi.), AJ,0. T.A., 
Senior Research Assistant, 

AND 

TREVOR TROUGHT, M. A., 

Goiton Research Botanist, Lyallpur, 

(Received for puWication on 1st Jane 1932) 

(With Plates XXII and XXIII) 


Introduction. 

This note describes the parents and Fj generation from an interspecific 
Gossypium cross, which does not appear to have been described before, though 
Leake and Prasad [1911] have reported the results of closely related crosses. 

The Fi generation in the cross here described showed considerable difierences 
between the different plants, and it seems this fact is of interest and worthy of 
record, even if it has not been possible to explain it. The complete sterility 
of the Fi generation has prevented any further generations being studied. 

It would be desirable to undertake a cytological examination of the material, 
but this has not so far been possible. 

The possibilities of back-crossing on to the parent indmim plmt were not ex* 
plored. That this might be a promising line of enquiry is shown by a recent note 
by Harland [1932]. 

It should be mentioned that the breeding in of the two parents gives no sugges- 
tion of ‘ impurity " on either side. 


Material. 

Parents OF the cross. 

G. Htooksii M. Mast {Plate XXII, fig. 1), 

The seed of this cotton was obtained from Mr. E. I. Thadani in Sind . Con- 
siderable difficalty was experienced in getting the seeds to germinate; It was, 
however, found^ that immersion of seeds in concentrated sulphuric acid for 24 
hours and subsequent soaking in water for 24 hours made the testa sufidciently 
soft to allow it to be peeled off. The embryo is then placed on filter paper soaked 


^ This method was successfully tried by Mr. Akbar Ali Tur, Teehnicar Assistant, Cottou Eesearch 
Laboratory, Lyalipmv 
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in Kiiop's solution and transplanted in fine compost soil 24 hours afterwards. The 
embryo could also be directly placed in good soil. Great care is required in 
peeling otlHhe tosta not to injuio the 

The plant grows very slowly and rarely grows taller than 18 inches. The flowers 
are. however, produced during tlie first season oJ growth. It is quite hardy and 
stands ratooning for several years.*‘* 

Deseripldoti of the plant.—K small perennial shrub with thin stem, short 
inteimodes with iisiially a branch at every internode. The monopodial branches 
are somewhat spreading and fairly long, but the sympodial branches are invariably 
short. The whole plant has a compact appearance. 

Stem hairy, hairs being very short, studded with numerous black dots. The main 
stem is about one foot higln Leaves small, about 1 1 inches long, cordate, usually 
five-lobed, apex acute or slightly inucronate, inflexed, sinus acute or slightly plicate, 
leathery texture, very hairy, the hairs being very small and stellate with usually 
5 branches, veins prominent with one gland on the midrib, f lamina deep green in 
colour with many black dots due to resin glands, petiole small, cylindrical and 
very hairy. Stipules long and persistent. Bracteoles three, absolutely free, with 
a fairly well defined claw, ovate oblong, margin deeply indented with usually ten 
teeth, very hairy, hairs being very short, veins fairly prominent. The stipular 
nectaries mentioned by Watt are absent. Peduncle usually very short and never 
more than | inch long. Calyx cup-shaped with five short teeth, thickly covered 
with short hairs, pale green in colour. Corolla light yellow in colour, slightly 
bigger than bracteoles, J prominent petal spot at the base, when open the petals 
are well refie-xed,§ pollen light cream in colour. Boll almost spherical with a 
prominent spine at the apex, black resin glands prominent, 3 -locked. Seeds 
usually 2, but occasioirally 3, in each lock, closely compacted together and 
triangular in section, thickly coated with rusty brown or chocolate coloured 
fuzz. The seed is very hard and stony. 

6. indicum Gammie {Plate XXIffig, 2). 

A tall plant about 6 feet high with ascending side branches. The monoimdial 
region extends about half-way up the main stem. The monopodia are ascending. 
The sympodia are fairly long, bearing 4 or 5 flowers. 

* One plant in tlie Cotton Eeseaveh Laboratory gardens has now been growing for three years and 
is expected to live for some years more. 

t Watt says that the leaves of 6r. are eglandular. 

J Watt says the corolla is yellow and twice the size of bracteoles. 

§ See also description of Gr. utockis'ii by Youiigman and Pande, Nature^ Vol. OXXIX, 1927, p, 745. 
The flowers oi G, Hooks ii here described resemble those described by Youngman and Pande rather 
than those described by Watt. 
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Stem thickly covered with longish hairs. Leaves big, about ?. inches long, 
broad-lobed, lobes oblong with acute apex, incision about w, sinus acute, sbgh , y 
reflexed, very liairy. Veins prominent with 2-3 glands and nuimrorus black dots, 
thin in texture and deep green in colour. Stipules small and decuduous. Bracteoles 
cordate, small, about I inch long, highly connate, margin entire, hairy, wuth a 
few black dots. The veins are not very prominent. Calyx cup-shaped wi h ve 
teeth and a few hairs and with numerous black dots. Corolla bright yellow in 
colour, fairly big, about hi inches long with a big prominent dark purple eye-spot, 
petals mediumly reflexed when the flower is open. Pollen deep yellow m colornr. 
Bolls quite big, tapering, 34 locked, valves recurved when open, 8-11 seeds m 

each lock. Seeds thickly coated with dirty grey fim and profuse white lint. 


Hybridization. 

Considerable difliculty was experienced in crossing Stocksii with other Indian 
cottons. During 1928, 21 flowers were crossed ; 18 with G. indmm Gammie var. 
MolUsoni as the female parent, and 3 with G. stockdi as the female parent, but all 

the bolls SO formed dropx^ed prematurely. „ 

During 1929 it was thought that G. stocksii, being a wild cotton from bind, 
might cross with a Sind cultivated cotton. lor this purpose a plant of G. rnitoim 
Gammie from a local mixture of Bhitsbah cotton was selected. 36 flowers were 
crossed,* 27 using the wdienm as the female parent and 9 using the stochs-n as the 
female parent and one mature boll from the former was obtained. This bo ^ 
w^as smaller in size than ordinary bolls and contained only four fully dovcloijet 

These seeds were sown in the field on 8th May 1930 and all of tliem germin- 
ated in contradistinction to the difiBculty of gerniiiiatioii Inund with iho, sloolishi 
X)arent. These plants proved to be genuine hybrids. 

J’l plants .' — Of the four plants reared, three were short, stunted plants looking 
very much like the stocksii parent (lieake's diminutive plants) while the fourth 
one was a tall, vigorously growing j)lant. The three short plants have, up to now, 
not produced any floral buds nor any sympodial lu:anches The tall plant has, on 
the other hand, produced numerous flowers wliicb have, however, failed to set bolls. 
None of the flowers produced were retained for more than five days on the plant. 
A short description of these plants is appended. 

0 15130 p. 2 {Plate XXIIl fiy. 7).-~Short plant, about If feet high with many 
monopodial branches. The secondary branch es are all monopodial and iip to now 

^ Mr. Sarup Singh, Senior Technical Assistant, Gotten Kesearch Laboratorjs performed these 
operations. 

t During 1930, one crossed boll with Q-. stoeJem as the female parent and 6/ as the male 

parent has been obtained. This Pi will be studied next year. 
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no sympodial branches liav<i been produced. Stem short and vsparsely hairy. Leaves 
small, slightly more than an inch long, liglit green in colour, 3-6 lobed, sparsely 
hairy, lobes ovate, incisicai about sinus aciite, veins proniinent witli one gland. 
No flowers The whole plant has a fairly compact look and 

resembles G. very much 

G ISjSO f, 1 {Plate XXULfig. 2 ). — A tall plant, about 7 feet high with 
mimerous lateral branches. The laterals up to about 5 feet from the soil are all 
monopodial. Moiiopodial branches long with terminal bud capable of making 
indefinite growth. Some of the lower monopodia measure more than 6 feet. This 
propensity of the plant to produce several very long monopodial branches gives it a 
very characteristic rambling appearance. The sympodial branches are, however, 
very short wdth usually two buds and very short internodes. Stem— sparsely hairy 
with short internodes. Leaves — the primary leaves are almost 2| inches long, but 
the secondary and tertiary leaves are smaller in size, with branches coming off at 
practically every leaf-axil, broad lobed, 5-7 lobed, lobes oblong, incision a little more 
than |-, sinus usually acute or slightly plicate, thin and papery in texture, sparsely 
hairy, a few short hairs present on the veins. The veins prominent with one or 
two glands. The leaf is light green in colour and dotted with numerous resin glands. 
Stipules long and thin and reddish green in colour. Bracteoles small, about f inch 
long, margin indented with 10-12 teeth, fairly hairy, especially on the margin, 
cordate in shape, non-connate. Calyx campanulate with 6 teeth, light green in 
colour with numerous black dots. Corolla about inches long, light yellow in 
colour, with a prominent dark purple eye-spot of medium size. Pollen liglit 
yellow. 

A further difference between these two types of Fj plant emerged during the 
1931 seasoin Tho three small plants died, while the tail one Burvived, and grew 
vigorously. 

Thus W'e can summarize the main characters of the plants and see how 
these compare with those of the two parents. 


0. indicum Gammie 
(female jjareiit) 


Q, stocJcsii M. Mast 
, (male parent) 

(1) Plante tall, about G feet 
bigb 

(1) Three plants small, about 1| feet 
high, and one plant about? 
feet high 

(1) Plants very small, about 
1 foot high 

(2) Leaves big, measuring about 
3 inches long 

i 

(2) The three small plants have 
leaves measuring about one 
inch and the one big plant has 
leaves measuring about 2^ 
inches 

(2) Leaves very small, not 
more than 1 inch long 
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(3^. Gammie j 

{female parent) i 

Pi 

(7. HtoGksii M. Mast 
(male patent) 

(3) Leaves thickly hairy, hairs 
long 

(3) All 4 plants with sparsely hairy 
leaves, hairs very short 

(3 ) Leaves thickly hairy, hairs 
very short 

(4) Two or throe glands on the 
leaves 

(4) Usually one gland on the leaves 

(4) Usually one gland on the 
leaves 

(5) Ejncalyx cordate, with en- 
tire margin, highly con- 
nate 

(5) Epicalyx cordate with dentate 
margin, non-connate 

(5) Epicalyx cordate with 
deeply indented margin, 
non-connate 

(6) Corolla, big bright deep 
yellow with big deep pur- 
ple eye-spot 

(6) Corolla, medium in size and 
colour, with medium deep pur- 
‘ pie spot (Tall plant only pro- 

duced flowers) 

(6) Corolla, small, light yellow 
with deep small 

eye-spot 

(7) Pollen deep yellow 

(7) PoUen'light yellow 

(7) Pollen cream 


Summary. 

0. stoohsu M. Mast lias been successfully crossed with G. indmm Gammie. 
The Fi plants do not resemble each other, but three plants resemble very much the 
slocksii parent in appearance, while the fourth one is intermediate. No satisfac- 
tory explanation has, so far, been found to account for the diversity among the 
Fj plants. 

AH the Fi plants are sterile. 
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STATISTICAL NOTES FOE AGEICULTURAL WORKERS* 
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BY 
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(Received for piililication on 3rd GctoW 1932) 


1. Mr. K. V. Joshi, of the Cotton Research Laboratory, Surat, has sent us the 
data given in Tables I and II showing the percentage success of bolls from, flowers 
for 6 different strains of the cotton plant sown in 1929-30 and 1930-31, respectively. 

Table I. 

(1929^30) 


— 

I 

II 

III 

IV 

V 

Control 

38*2 

37*7 

38*9 

37*9 

38*2 

Selection A . • .... 

43*2 

41-0 

42*3 

41*2 

40*2 

Selection B . 

46*5 

45*3 

45*0 

45*6 

44*7 

Selection 0 . . * v • • 

46-8 

47-4 

49*3 

47*1 

46*6 

Selection I) . . 

49-5 

46-6 

48*7 

49*6 

47*6 


Table II. 
{1930^31) 



Alarj^'c niiinber of eiiqiviries of a statistical nature are being received from agricultural workers 
in dilTereut parts of India. .VI any of tbesc enquiries are of considerable general interest, and it is pro- 
posed to publish notes on selected topics from time to time. These notes will deal inainlj with 
statistical methods and procedure, and it is not intended that they should always contain new matter. 
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2. Fisher’s method of analysis of variance has been used for studying the above 
results. The value of observed z is given in each case by : — 

s=| logo 

wliere 'i’o=residual variance (error). The 5 per cent, (or one per cent.) values of 
z have been taken from Fisher’s Table VI. 

The analysis for 1929-30 is given in Table III. 


Table III. 

(1929-30) 



B. F. 

Sum of 
squares 

Mean 

variance 

Value of z 


Observed j 

5 per cent. 

Ooiibrol /w. Selection . 

1 

226-80 

226*80' 

i 

2*8903 

0-7.514 

Selections . 

3 

135*69 

45-23 

2-0793 

0-.5876 

Varieties • , . . . 

4 

362*49 

90-62 

! 


.. 

kSoil differences . . . . . . 

4 

8*95 

2*24 

•• 

.. 

Error 

16 

11*13 

0*696 


.. 


24 

382*57 





The varietal differences in yield are very pronounced and statistically 
significant. 

The juc.an jiercentage of succe.ss and the respect, ive diderences are shown in 
Table IV. 

T.able IV. 

(1929-30) 


■ — , , 

Mean 

percentage 

of 

success 

Bifference from 

Control 

Selec. 43 

Seleo. 65 

Selec. 32 

Selec. 9 

Control . . . . 

38*18 

. . 

—3*42 

—7*24 

--^9*24 

—10*22 

Selection A . . 

41*60 ’ 

3*42 

•* 

—3*82 

—5*82 

—6*80 

Selection B 

45*42 

7*24 : 

3*82 

• • 

—2*00 

—2-98 

1 ■ ' 

Selection 0 . . . 

47*42 

9*24 

5*82 

2*00 


' — 0*98 ^ 

Selection B 

48*40 

10*22 

6*80 

2*98 

0*98 

1 


Standard error of difference in ineans=0'63. 
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We find 

{i) Compared to control, all the selected varieties exhibit significantly 
higher percentage success of boll-formation from flowers. 

(ii) Compared to Selection A, the three other varieties Selections B, C 
and D are definitely superior. 

(m) Selections D and 0 appear to be better than Selection B. 

{iv) The difference in mean percentage of success of boll-formation from 
flowers between Selections D and C is inappreciable. 

3. The analysis for the data for 1930-31 is shown in Tables V and VI. 


Table V. 
(1980-31) 






B.F, 

Sum of 
sq^uares 

Moan 

variance 

Value of 2: 



Observed 

6 per cent. 

Control vs. Selections . 


. 

. 

1 

242*12 

242*12 

2*6578 

0*7514 

Selections . 

• 

• 

* 

3 

177-05 

69*02 

1*9519 

0*5876 

Varieties . 


• 

• 

4 

419*17 

104*79 

•• 

• ■ 

Soil differences , 

• 

• 

• 

4 

58*10 

14*54 


■ •• 

.Error 

• 

• 

• 

16 

19*01 

1*10 : 

j 

! 






24 

496*34 1 


1 



The mean percentages and differences are given in Table VL 


Table VI. 
{1930-31) 



Mean 

percentage 

of 

success 

Bifference from 


Control 

Selec. 43 

Selec. 65 

Selec. 32 

Selec. 9 

Control . . . 

35*9 


— 4*6 

—■6*2 

—10*2 

—11*3 

Selection A 

40*5 

-J-4-6 

.. 

—0*6 

—6*6 

—6*7 

Selection B 

.41*1 

+5*2 

+0*6 ! 

.. 

-~5*0 

—6*1 

Selection'''0' ' • . . . 

40*1 : 

-{■■10*2 ; 

d 6*6 1 

+ r>*o 


— I‘I 

Selection B 

47*2, 

+ 11*3 

+6*7 

+6*1 

+ 1*3 



Standard error of difference in mean =s= 0*69, 
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We again observe that : — 

(i) All the selected strains are significantly better than the control. 

(m) Selections D and C are better than Selections A and B. 

(ni) The difference between Selections A and B, as also the difference 
between Selections D and C are not significant. 

(m>) Finally, the two years’ data may be combined wlien the analysis takes 
a slightly different form. 


Table VII. 
{1929-30 mH 1930-81) 







B.E. 

Stm of 
squares 

Mean 

variance 

Value of .-s. 


Observed 

5 per cent. 

Control vs, Selections . 

, 

, 

, 

. . 

1 

468*80 

i 468*86 

1-9214 

0*7614 

Selections c 



• 

• 

3 

294-57 

98*19 

1*1397 

0*6876 

Varieties . 



• 

• 

4 

763-43 

1,90*86 



Soil differences . • 



• 

• 

8 

67*11 

8*29 

.. 


Seasons • 

. 

• 

* 

. 

1 

62*02 

62*02 

1*8221 

0*7072 

Error . 

• 

« 

• 

• 

36 

48*43 

1*36 

•• '■ 

•• 






49 

930*99 





Table Vm. 
{1929-30 and 1930-31) 





Mean 

percentage 

of 

success 

Difference from 




Control 

Selec.43 

Selec. 65 

Selec. 32 

Selec. 9 

Control 

• • 

• 

37*08 


—3*97 

—6*20 

—9-70 

—10*75 

Selection A 

* ' • ' 

• 

41*03 

+3*97 

•• 

—2*23 

--6*73 

—6*78 

Selection B 

• . . > " ' 


43*26 

+6*20 

+2-23 


—3*50 

,, —4*66 

Selection 0 



46*76 

+9*70 

+6-73 

+3*60 

• • 

—1*06 

Selection I) 


■ 

47*81 

+10*76 

+ 6-78 

+4*66 

+1-05 



StandMd error of difierence in mean = 0'6X or 1‘2 per cent, of mean value. 
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We find that— 

(a) The superiority of— 

(i) All the selections over the Control, 

(ii) Selections B, C and D over Selection A, 

(iii) Selections 0 and D over Selection B 

is clearly established. 

(h) The difference between Selections C and D is on the verge of signifi- 
cance. 

(c) The seasonal difference is clearly significant, 

6. The performance of Selection A was the subject of specific inquiry. The 
data for several seasons for control and Selection A are given in Table IX. 

Table IX. 



Variety 


Control 
Selection A 

Control 
Selection A 

Control 
Selection A 

I Control 
I Selection A 

I Control , 
Selection A 

I Control 
Selection A 

Control 
Selection A 


Ho. of flowers 

No. of bolls 

Percentage 
success of 
bolls 

84-3 

34*9 

41*4 

68*4 

26*5 

37*3 

87*4 

30*0 

34*3 

92*9 

32*8 

36*3 

66*5 

24*1 

36*3 

70*6 

29*6 

41*9 

87*0 

35*5 

40*8 

86*2 

36*7 

43*1 

90*8 

34*3 

37*7 

89*0 

35*9 

40*3 

55*6 

21*2 

38*1 

61*9 

26*7 

43*2 

69*3 

24*3 

35*0 

66*2 

25*4 

38*9 
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A direct difference method for comparison may be adopted with advantage. 
The differences between Selection A and the control are shown separately for 

flowers, bolls and percentage success for each season in Table X, 


Table X. 


Season 

Flowers 

Bolls 

Percentage 

success 

1924-25 

■ , 

. 





. 

—15*9 


-~9*4 

■ —4*1 '■/ 

i92r>.2r) 



• 

> 

• 

• 

• 



+2*8 

+1-0 

1926-27; ■ . 



. 


• 

• 

• 

+4*1 


+0-6 

+5*6 

1927-28 



- 

* 

- 


• 

—1-8 


+1-2 


1928-29 




• 

- 

• 

• 

--1*8 


+1*6 

+2-6 

1929-30 . 


• 

• 

• 

• 

- 

• 



+5*5 

+6-1 

1930-31 


• 

• 

• 

• 

• 

* 

—4*1 


+1*1 

+3-9 


We can now find the value of the standard deviation of each set of differences 
and obtain the values of % given in Table XL The probability of occurrence of 
the ol)served value of % in each case is next found from Table XXV of the Tables 
for Statisticians and Biometricians, Part L 


Table XI. 


' 

Mean diff. 

■ 

S.D. 

z 

P 

Odds 

(approxi- 

mate) 

Flowers . , . , 

—1*1 

7*12 

—‘15 

0*6276 

2 j 

1 3 

^ Bolls . . ... 

+1*18 

4*66 

+•25 

0*7174 

3:1 

Percentage success of flowers 
to bolls 

2-63 

3*02 

+•87 

0*9610 

24 1 

: 1 


Selection A is thus significantly superior to the control so far as the percentage 
success of flowers to bolls is concerned ; but the difference in the number of flowers 
or the number of bolls per plant is insignificant. 

It is worth noting that the precision of the comparison is 1*2 per cent, which 
compares favourably with the highest degree of precision reached in varietal trials 
anywhere else. 

We would like to add that this note is written purely from a statistical stand- 
point. Details of the experiments with full discussion of their agricultural bearing 
will be published in due course by Mr, Joshi himself. 
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NO, 10-~-THl ANALYSIS OP A MANUEIAL EXPERIMENT ON WHEAT CON- 
DUCTED AT SAKRAND, SIND, 

BY 

P. C. MAHALANOBIS and SUBHENDU SEKHAR BOSE, 

Staiistieal iMbomtory, Presidency College, Calciitta. 

Mr. V. A. Tamhane, the Agricultural Chemist and Soil Physicist in charge of 
Agricultural Research Station, Sakrand, Sind, conducted a manurial experiment on 
wheat with five difierent treatments, replicated 8 times. The experiment was con- 
ducted on a block of two acres and a half, divided into 40 plots of acre each. 
Owing to a change of programme, the number of plots available for analysis for 
treatment A (no manure) was 6, while for the other 4 manurial treatments was 8 
each. 

The experimental arrangement is shown in Pig. 1 , The plots marked ' ‘ spoiled ' ' 
had a dose of compost and cannot, therefore, be considered untreated. It will be 
noticed that originally all the 5 treatments had been distributed once in each 
column. But in columns 2, 4 and 8, treatment A was spoiled by the addition of 
compost, thus rendering it impossible to compare these columns directly with the 
rest. 


G 

B 

B 

I) 


1 



64 

68 

37 

48 

B 

A 

0 

E 




3 

62 

42 

62 

60 

A(spoiled) E 

B 

A(spoiled) 



2 


60 

82 

53 

51 


A(spoiled)[ 



5 6 7 

44*25 50 35 36 45 51 49 50 


17*25 34 

^ " l”''~ 



4 6 

Fig. 1. 



t- 


ii ; 
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The experimenter himself divided the field into ail extremely artificial system 
of blocks shown in thick lines in Fig. I . It is not clear why this was done, unless 
of course results of previous uniformity trials had definitely indicated the usefulness 
of such a division. 

2. The present analysis has, however, been made both with the experimenter's 
own type of block-division, as well as with a straightforward columnar division. 
In the first instance blocks with the spoiled plots were left out, 

(a) The analysis according to columnar division is shown in Table I. 


Table I. 



D. F. 

Sum of 
squares 

Mean 

square 

Value of a: 


Observed 

5 per cent. 

Between treatment 

4 

995-09 

248-77 

0-2201 

•5265 ■ 

Block * , . 

4 

353-36 

88-34 



Error » 

16 

2,849-98 

178*12 



Within treatment . * 

20 

3,203-34 

160-17 





4,198-43 





The observed z is considerably lower than the 6 per cent, point, and therefore 
the treatment differences cannot be considered significant. The differences between 
the 6 blocks also appear to be insignificant and thus the columnar system of block 
division has been ineffective in enhancing the precision of the experiment. The 
block " and error " variances were, therefore, combined, and the residual 
variance was calculated for a larger number of degrees of freedom. 


3. (6) The experimenter's system of block division gave the following 
analysis: — 


Table II. 



D. F. 

1 Sum of 

' squares 

Mean 

square 

Treatment 


«■ 

.. . 

* « 

. . 

, 

4 

192-63 

48-16 

Blocks 

• 

• 


* 


> 

4 

1,086-60 

271-65 

Error 


- 

• 

. 

> 

- 

16 

1,912-64 

119*54 
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The variance for treatment is smaller than the residual varianeej indicating 
that the treatment differences are not significant. 

4. The experimental data may be studied from another standpoint. We have 
here studied the yields for 6 plots for treatment A and for 8 plots for the other 4 
treatments. Assuming that these yields are indei3endent measures of the mean 
yield of the 5 treatments, we obtain the following analysis for Fisher's ^“test. 

Table III. 


— JDegrees of freedom Sum of squares Mean square Variance of mean 


, A , ■ . 

4 

682-26 

170-66 

34-11 

B, , . 

7 

492-87 

70*41 

8*80 

a ... 

7 

607-00 

86*71 

10-84 

D . . 

7 

726-47 

103*78 

J2-97 

E' , , , , . ■ . ! 

7 

2,236-87 

319*76 

39-97 




Mean diff. 

Variance of 
ineau diff. 

S.E.of 
mean diff. 

t 

n 

2-70 

34-72 

6-89 

0*46 

11 

7-36 

38-09 

6-17 

1*19 

11 

7*06 

41*62 

6-46 

1-10 

11 

6-16 

86-26 

9-29 

0-64 


6-38 

19-67 

4-44 

1-44 

14 

6*19 

21-77 

4-67 

1-33 

14 

9-63 

48*75 

6-98 

1-38 

14 

.. 7*72 

23-81 

4*88 

1-68 

14 

7-93 

50*79 

7-13 

1*11 

14 

12-16 

52-92 

7-28 

1-67 

14 


P 

greater than 



The probability of occurrence of “ i ” is obtained in each case from Fisher’s 
Table IV [ 1930]. 

If we work with the conventional value P='06 as the level of significance, the 
last column- of the Table IV definitely indicates that none of the differences reached 

0 2 
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the required level ; it would not, therefore, be possible to draw any positive conclu- 
sion from these experimental data.^ 

5, In conclusion, a few words on the principles underlying the division of the 
field into blocks may prove useful. The factors producing differences in soil 
fertility may be divided broadly into two groups : (a) systematic changes in fertility 
from one part of the field to another, and {b) chance fluctuations which, are distri- 
bnted in a random manner all over the field. The purpose of division into blocks 
is to eliminate the systematic changes, while the purpose of replication of plots 
within blocks is to furnish a reliable estimate of the random fluctuations. The 
blocks should then he arranged in such a way as to include within each Mock an 
appreciable portion of the systematic variation in fertility. 

Consider a square or rectangular field with sides running in a nortlt-south and 
an east- west directions. If we know that the systematic variation in fertility 
occurs only in one particular direction, say from north to south, then it will be 
necessary to use block divisions only in this particular direction. It is clear 
that block divisions in a perpendicular (that is east- west direction) will not 
show any systematic change in fertility, and hence will he of no use in eliminating 
effects due to soil heterogeneity. Now suppose that we have no information 
available regarding the direction of change of the systematic variation in fertility. 
It will now he obviously desirable to provide blocks in two directions at right 
angles. Generally speaking, information regarding soil heterogeneity is not avail- 
able beforehand. This is why we usually provide block divisions in two directions 
at right angles so that systematic fluctuations in fertility along two perpendicular 
directions may be simultaneously eliminated. Fisher’s ‘‘ Randomized Block ” and 
‘‘ Latin Square ” (in which the number of blocks is same in each direction) are 
typical examples of arrangements based on this principle. 

In case, however, previous knowledge regarding the distribution of fertility of 
the soil is available from uniformity trials, it is possible and it may be desirable to 
make special arrangements of the blocks so as to eliminate the effects of soil hetero- 
geneity in the most effective manner. 

* The manitrial treatments used were 

A=Contrel ; untreated 

B=Half usual organies (7| cart loads of compost) 

C= „ sulphate of ammnonia @ 10 Ihs, nitrogen per acre 

D==: '■ 20 lbs. ' ' ■■ 

„ @ SOlbs, „ 

; Pusa 31 2. : 23/24 Decembei^ 
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NO. 11— THE USE OF THE METHOD OF PAIRED DIFFERENOES FOR 
ESTIMATING THE SIGNIFICANCE OF FIELD TRIALS. 

BY 

P. C. MAHALANOBIS, 

Etatistical Laboratory, PveddenGy College, Galcutta. 

Very recently we received a paper for criticism in which the author used the 
method of paired difierences for estimating the significance of field trials. The use 
of this method is justified only in special cases, and a discussion of the principles 
involved may prove useful to field workers. 

Consider a hypothetical experimental field which is completely free from sys- 
tematic variation in fertility. Suppose we have “ 2 » ” plots of which “ m ” are 
sown with each of the treatments (or variates) A and B. Let 


x„ be the yield of the “ n ” plots under A, and yi, yz, 2/3-. for the “ n ” 

plots under B. Let d^-={x^ — y^ etc., be the difference 


I of yield for paired plots of A and B. The observed mean value of the difference 

d==(i— y), where a; and y are the mean yields of A and B. The observed value d is 
clearly equal to the real difference in yield between A and B plus the experimental 
errors, since by hypothesis there are no systematic differences in fertility between 
I different plots. We may, therefore, proceed to calculate in the usual way s^, the 

I" variance of the difference, and use it to judge whethe.r d is significantly different 

; from zero or not. Fisher’s West with 

i ,,, d\/n 

. • • • • • • ( 1 ) 

and (9^ — 1 ) degrees of freedom can tlien be applied in tile usuai way. 

It is clear that in this method we can pair a? and in any way we like. For 

I example, w'e can take r?i==%— ^4, or d2===%2 — mean value of cZ and 

^ the standard deviation would not be sensibly ajffected by the method of pairing 

j (since w and jr are supposed to be quite independent), and hence the value of t 

I will remain the same. 

t 2 . The conditions under which the method of analysis of variance is used are 

I entirely difierent. Systematic changes in fertility cannot be assumed to be absent 

(and, in fact, are usually known to be present), and hence the differences in yield 
between any two plots will definitely include the effect of differences in soil fertility. 
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In tliis case we first try to allow for the effects of soil heterogeneity by the 
elimination of the variance between blocks’", and then judge the significance of 
the effect of treatments (or varieties) in the usual way with the help of Fisher’s 

3. Where systematic differences in soil fertility are present (or cannot be 
assumed to be absent) it is clear that we cannot legitimately use the method of 
paired differences. Soil heterogeneity will almost never be entirely absent, and 
hence the necessary conditions for the use of paired differences will never be 
strictly fulfilled in practice. But under certain circumstances we may reasonably 
assume the effect of extraneous factors to be either absent or to be appreciably cons- 
tant in magnitude. For example, consider pairs of adjacent plots sown with two 
different varieties. In ordinary circumstance (that is, unless changes in fertility 
are very sharp) we may, as a first approximation, assume that the soil fertility will 
remain nearly the same for each pair of adjacent plots. Hence if we take the 
difference in yields from two adjacent plots, we may be reasonably certain that the 
effect due to the soil factors will be eliminated in the process of differencing. Under 
these circumstances, that is, when the differences in yield refer to adjacent plots, 
the use of paired differences may possibly be justified. 

But the method cannot obviously be extended to the case of plots which are 
not adjacent. Consider a’j the yield of A from Plot No. 1, and^xe yield of B 
from Plot No. 16 which is situated at a considerable distance from Plot No. 1. The 
difference in yield ^^^viously include not only the effect due to 

the varietal difference between A and B and the residual errors, but also the effect 
due to differences in soil fertility from one part of the field to another. The use of 
the method of paired differences in these circumstances has, therefore, absolutely 
no justification. 

4. A numerical example may make the position clear. In a manurial experi- 
ment on wheat, two treatments A and B were laid out in a Eandomized Block in 8 
replications, and the yields obtained (in lbs. per 1/40 th^ acre) were as shown in 
Table I. The serial number of the plot is shown against each plot. 

Table I. 



2 

3 

4 

6 

6 

7 

■ ' S : ' 

A 

B 

B 

A 

A 

B 

■A', 

B 

47-0 

88-5 

62*0 

560 

62*5 

73*5 

56*0 

66*0 

B 

B 


B 

A' 

A"' , 

B 

A 

63*6 

61*0 

44'5 

67-0 

66*0 

52*0 

34*0 

38*0 


9 10 U 12 13 14 15 16 
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Using the usual method of analysis we obtain the mean value of yield under 
A=52-64, and the mean value of the yield under B=60'69, so that the difierence 
in mean yield is 8'05. The standard error of the difference is 5'23, so that «=1’64:. 
From Fisher’s Table IV we find that with w==7, the probability of occurrence 
lies between 0-1 and 0-2. So that even if the difference between A and B is nil, 
the observed difference would occur in from 10 per cent, to 20 per cent, of cases. 
The difference between the two treatments cannot therefore be considered signi- 
ficant. 

Now let us try to use the method of paired difference. We choose the pairs as 
shown in Table II. 


Table II. 


Treatment B 

Treatment A 

Difference in 
yield 

Plot No. 

Yield 

Plot No. 

Yield 

6 

73*6 

13 

66*0 

: 7*5 : 

2 ; 

68*6 

■S ■ 

62*5 

6*5 

a 

66*0 

7 

66*0 

10*0 

9 

63*5 

4 

55*0 

8*6 

3 

62*0 

14 

52*0 

10*0 

30 

63*0 

1 

47*0 

14*0 

^ ■ ■ 1 

■ 12.' 1 

57*0 

■ ■ 11 . - 

44*5 

■ 12*5 " 

/ 15 • ■ 

■ 1 

34*0 

16 

38*0 

~~4*0 


Mean difierence — 8'05 

Standard error of difference = 2*018 


f ■ ■ . ■ ■= 

P<0*01 

f The probability of occurrence is now less than 0-01, so that on the results of 

the present mode of analysis the difference between treatments A and B would be 
" considered to be definitely established. But there is no justification for choosing 

the pairs in this special way, and hence the estimate of the standard error is wholly 
invalid. 
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In fact the value of the standard eiTor depends entirely on the particular 
manner in which the plots are paired. Consider for example the following system 
of pairing (Table III). 

Table III. 


IVeatment B 


Treatment A 


Hot No. 


Plot No. 


Biifference in 
yield 



Mean difference = 8*05 

Standard error of difference = 7*23 


= 1*11 
P >0*3 


The value of is now only ITl, and the probability of occurrence is greater 
than 0'3. On the result of this analysis the effect of both treatments would appear 
to be statistically indistinguishable. 

We can pair the plots in a large number of diflerent ways, and each particular 
way of pairing would lead to a different value of the standard error and hence 
to a different value of i. But all such values are equally invalid, and no legiti- 
mate inference can be drawn from any arbitrarily-paired system of differences. 
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Analysis of the dissolved constituents of rain water has been made in different 
parts of the world from the early eighties of the nineteenth century. The idea 
underlying has always been to find out how much of combined nitrogen, either as 
ammonia or as nitric nitrogen, is furnished to the soil in different countries by 
the rain water and also if there is any difference in the proportion of nitric 
nitrogen as compared to ammonia in the tropical and non-tropical countries. The 
halogen content has also been determined in certain places as also the dissolved 
solids. '' 

At Rothamsted and at a few other places records have been kept for a good 
many years for purposes of comparison. The most notable works in this connection 
are those of Lawes, Gilbert and Warington [1883], Miller [1905] and Russel and 
Richards [1919]. 

Miller; in his fairly exhaustive summary of the results of analysis of the rain 
water of 32 different places in tropical and non4ropical countries, noticed consider- 
able variation regarding the total nitrogen in similarly situated places, which he 
found difficult to explain. He thus concluded that great difference in climate was 
not coincident with the amounts of nitrogen brought down by rain. Generally 
speaking he noticed that in non-tropical countries the proportion of ammonia was 
higher while in the tropics that of nitric nitrogen was in excess. But even then this 
regularity has been far from perfect and he therefore remarked that further 
analysis was desirable as might throw light on any difference in the comjjosition 
of rain, due to the condition of the winds. 

Since then the analysis of rain water has been done in several places, such 
as Cawnpore and Dehra Dun in India (1906), Lincoln in Newzealand (1907-1909), 
Garforth in Leeds {1909), Plahult in Sweden (1910), Barbados (1910), Queensland 
{1910), Tonquin in Malaya (1911), British Guiana (1911); Mount Vernom in Iowa 
(1914), Durban and in South Africa (1914), Ottawa (for 10 consecutive years), 
"'etc., etc.^ ■' 
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Riissel and lliclia^^^^ made a smnmary of the Rotliamsted records and 

observed that of the various sources of ammonia (sea, soil and city pollution) the 
soil liappened to be the most important and further that the ammonia content was 
higher during the period of high biochemical activity and low during the period of 
low biochemical activity. They further noticed a close relationship between 
ammonia and nitric nitrogen and suggested that there was either a common origin 
or that the nitric compounds we formed from ammonia. They also noticed a 
difference in the composition of the summer and winter rain and concluded that 
they were possibly of different origin. 

In India almost the only complete systematic analysis of the eomposition of 
rain water is that of Leather [1906] with regard to the rainfall of Dehra Dun and 
Cawnpore (one situated in N. Lat. 30, E. Long. 78 and the other in N. Lat. 27 and 
E. Long. 80), Isolated samples seemed to have been analysed at Madras, Calcutta 
and Geylou. 

Leather concluded, from the results of his analysis, that the total quantity of 
nitrogen carried by the rain to the soil was approximately equal to that in the rain 
at Rothamsted. (Dehra Dun:-— 3*40, Cawnpore: — 3*26, Rothamsted : — 3*84 
pounds per acre) ; but that the relative amounts of nitric nitrogen was higher at 
Dehra Dun and lower at Cawnpore than at Eothamsted. He tried to explain the 
difference by the difference in the altitude as also by the fact that the rains of Dehra 
Dun were more frequently accompanied by thunderstorms than that of Cawnpore. 

Oherrapunji, in the Khasi Hills (Assam, India), has the reputation of the highest 
rainfall in the world. The summer monsoon is responsible for it. An average of 
28 years showed a rainfall of 467*80 inches of which 428*13 inches fell between the 
months of April and September. 

According to Dr. Hooker, this unparalleled amount of rainfall was attributable 
to the abruptness of the mountains which face the Bay of Bengal, from which they 
were separated by 200 miles of ' jheels 4 and *' Simderbands/. 

The South-West monsoon (summer monsoon) which is very powerful in India/^ 
carries with it an abundant quantity of warm and moist air of the nearly equatorial 
winds blowing across the Bay of Bengal and these are concentrated by the con- 
verging coasts on the highlands on the east and west before they commence their 
ascent up to mountain slopes and having previously lost little or no vapour by con- 
densation, the whole vapour is now condensed in the ascent of the Himalayan slope. 

Sylhet is situated in N. Lat. 25, E. Long. 92, about 25 miles south of Khasi 
Hills on which stands Cherrapunjii and 176 miles from, Bay of Bengal The summer 

Inno otber parts of the world are the conditions of a powei’ful monsoon influence so favourable 
and the strength of the monsoon qn’oduced so great as in India and the North Indian Ocean.’ 
tPerrel, Winds, P. 200.201.) 
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COMPOSITION OF THE BAIN WATEE OF SYEHET 

monsoon wliieli generally sets in April and lasts till September and whose direction 
is Sontli-W est must go past Sylhet to reach Cherrapiinji. Hence the analysis of 
the rain water of Sylhet was thought to be interesting. Besides, the type of clouds 
which are generally noticed during Sylhet rains is Cumulo-nimbus and these are fre- 
quently associated with thunderstorms. 

Sylhet is a smaU town of a population of about 17,000 with no industries wortli 
the name. The locality is rather marshy and the population scattered. During 
the rains large tiuc^^ under water which rise to the surface with the 

subsidence of flood. The temperature varies between 26° to 22°0. The rainfall is 
heavy; average being about 160 inches a year. 

The sampling and the analysis of the rain was done in the college compound 
which is about a couple of miles from the town proper. 

A rain gauge was installed in a suitable place wdthin the college compound and 
samples of a week or more were mixed in proportionate quantities and analysed 
at the earliest opportunities. The samples were analysed for (a) free ammonia, 
(6) albuminoid ammonia, (c) nitric nitrogen and (d) nitrous nitrogen. 

T ree ammonia "was estimated by boiling the reqiiisite quantities with ignit^^^^^ 
soda carbonate and then Nesslerizing the distilled product, albuminoid ammonia by 
boiling the residue with alkaline permanganate and Nesslerizing the nitrate by the 
pbeiiol-sulphonic method and nitrite by the ‘ Griess-Illosvoy ' method. 

Table I 

Nitrogen as ammonia^ nitr ale and niifiie. 


NITROGEN 




Parts PEii 

MILLION 

PotTNl) PEE AOBE 

Albuminoid 

AMMONIA 

1931-32 

Rainfall in inches 

As free ammonia 

As nitrate 

' o 

*C' 

-M 

Total nitrogen 

As free ammonia 

As nitrate 

As nitrite 

Total nitrogen 

Parts per million 

Lb. per acre 

Stli to 14th April, 

1-9 

0-798 

0-237 

0-059 

1-094 

0*343 

0-102 

0*025 

0-470 ; 

0-609 

0-262 

1931 












15th to 21st April, 

7-49 

0-404 

0-050 

0-041 

0-495 

0*683 

0-085 i 

0-069 

0*837 

0*428 

0*725 

1931 












22nd to 28th ATiril, 
1931 

29th ApriJ to 5th 

10-73 

0-264 

0-083 

0-044 

0-391 

0-639 

0*202 

0-107 

0-948 

0*395 

0*959 

10-38 

0-017 

0*091 

0-041 

0*149 

0*039 

0*214 

0-096 

0-348 

0*124 

0-290 

May, 1931 












6th to 12th May, 
1931 

10-54 

0-026 

0*082 

0-030 

0*137 

0-059 

0*196 

0-070 

0*324 

0*148 

0-353 
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Table l—confd. 

Nitrogen as ammonia, nitrate and nitrite — contd. 


MTEOGEN 




Pabts pee million 

Pound pee aobb 

ALBUMINOID 

Ammonia 

1931-32 

Rainfall in inches 

As free ammonia 

As nitrate 

As nitrite 

Total nitrogen 

As free ammonia 

As nitrate 

As nitrite 

Total nitrogen 

Parts per million 

Lb. per acre 

13tli to 19th May, 
1931 

4-24 

0-132 

0-116 

0-041 

0-288 

0-126 

0-110 1 

0-039 

0-275 

0*124 

0-118 

20th May to 2nd 
June, i931 

11-37 

0-025 

0-178 

Nil 

0-203 

0-065 

0-458 

mi 

0-523 

0*128 

0-328 

3rd to 16th June, 
1931, 

9-83 

Nil 

0-091 

Nil 

0*091 

Nil 

0-202 

Nil 

0-202 

0-078 

0*174 

17tfa to 30th June, 
1931 

19-5 

0-136 

0*044 

Nil 

0-180 

0-600 

0-191 

Nil 

0-791 

0*148 

0-663 

1st to 14th July, 
1931 

7-38 

0-300 

0-045 

Nil 

0-345 

0*500 

1 0-074 

Nil 

0*574 

0-115 j 

0*192 

15th to 27th July, 
1931 

7-08 

0-082 

0-040 

Nil 

0*122 

0*131 

0-064 

Nil 

0*195 

0*107 

0-171 

28th July to 11th 
August, 1931 

11-45 

0-049 

0-091 

Nil 

0*140 

0*128 

0-235 

Nil 

0-363 

0-037 

0-096 

12th to 25th August, 
1931 

5*18 

0-078 

0-040 

Nil 

0-118 

0-091 

0-047 

Nil 

0*138 

0-078 

0*091 

26th August to 8th 
September, 1931 

12-39 

0-033 

0*066 

Nil 

0*099 

0-092 

0-185 

Nil 

0-277 

0-166 

0*461 

9th to 22nd Septem-* 
her, 1931 

8-29 

0*087 

0*125 

Nil 

0-212 

0*162 

0-234 

Nil 

0-396 

0*029 

0*064 

23rd September to 

6 th October, 

1931 

3-84 

0-041 

0*100 

Nil 

0*141 

0-036 

0*087 

mi 

0-123 

0-029 

0*025 

7th to 20th October, 
1931 

3-19 

0-008 

0*166 

Nil 

0-174 

0-006 

0-120 

Nil 

0-126 

0-033 

0-024 

21st October to 3rd 
November, 1931 

4-81 

1 

0-041 

j 

0-050 

\ Nil 

0-091 

0-045 

0-064 

1 Nil 

0-099 

0-134 

0*146 

4th to 17th Novem- 
ber, 1931 

1-92 

0*049 

0-153 

Nil 

0-202 

0-021 

0-066 

Nil 

0-087 

0-231 

0*100 

21st January to 
11th February, ! 
1932 

1-26 

1-054 

0*362 

0*007 

i 1-413 

0-298 

0-100 

0-002 

0-400 

0-309 

0*087 

12th February to 
23id March, 1932 

2-29 

0*642 

0-357 

0*015 

1-014 

0*332 

0-186 

0-008 

0-525 

0*132 

0*068 

24th March to 7th 
April, 1932 

0-69 

1-029 

1-000 

Nil 

2-029 

0-137 

0-133 

Nil 

0-270 

[ ■ 

i" ' 

0*208 

0-028 

TotaIi . 

156*64 

6-294 

3-666 

0-278 

9*128 

4*633 

3-343 

0*416 

8-291 

3-789 

6-405 
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Table II shows how the Sylhet rain compares with that of Dehra Dun, Cawnpore 
and of Eothamsted. 

Table II. 

Cornfarison of min at Sylhet, Dehra Dim, Cawnpore and Bothamsted. 


Station 


Sylhot . 

Delira Dun . 
Cawnpore 
Bothamsted . 


Bainfall 

Nitrogen, pounds per acre 

As ammonia 

As nitrate 
and 
nitrite 

155*64 

4*533 

3*757 

86*48 

2*037 

1*368 

49*36 

2*482 

0*768 

27*25 

2*712 

1*128 


Batio 
NHs : KOa 


The total quantity of combined nitrogen is mncb in excess of that of the other 
two Indian stations as also of Rothamsted. The percentage of ammonia to nitric 
nitrogen is also much higher. 

The sources of ammonia are believed to be (a) the sea., (b) the soil and (c) city 
pollution. 

Sylhet is separated from the Bay of Bengal by a distance of about 175 miles 
and in between lies the Sunderbands and parts of Eastern Bengal. A part of the 
water vapour carried from the sea is condensed and precipitated on the way 
and some of the /sea ammonia' should go down with it. Yet, as the major part of 
the vapour is deposited at Cherrapunji and its neighbourhood, appreciable amount of 
sea ammonia must have been brought with it ; but the main supply of ammonia 
must have been due to the biochemical activity on the marshy lands under the 
tropical sun. As has been pointed out before, vast tracts lie submerged during the 
rains and are gradually exposed to the sun with the subsidence of this water. This 
also perhaps explains the fairly large amount of albuminoid anomonia in the rain 
water of Sylhet. 

It will be seen that during the months of July to October, when the land is 
mostly under water, the ammonia-content is rather low (1*189 lbs.), while from 
January to April, it is fairly high (3*472 lbs.). 

The sources of m’tric nitrogen are (^.) lightning discharges and (b) the oxida- 
tion of ammonia by the atmospheric oxygen under electric disturbances and also 
by ozone or hydrogen peroxide, both of which increase with electric disturbances of 
the atmosphere. 
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Accorcling to the exirrent theory, the tropical rain shoxild have a higher percen- 
tage of nitric nitrogen clue to more frequent electric di>sturbances ; again the lighter 
ammonia, wliose proportion has been found fairly large and which should rise to the 
heiglits where clouds are formed, should contribute a portion of nitric nitrogen at 
its expense, as explained in the previous paragraph. 

What per cent, may really come from the direct oxidation of the atmospheric 
nitrogen by the electric disturbances at the rarefaction as exists at high altitude and 
whether or not major part comes from the oxidation of ammonia, is a question 
which we are not in a position to answ^er. B ut the remark’s of Eiissel and Bichards 
(loe. oit.) in this connection should be interesting. Unless the atmospheric nitrogen 
is directly oxidised, the contribution of the total combined nitrogen in the atmospheric 
air should be from ammonia and through ammonia. 

In any case the amount of nitric nitrogen is much greater in the Sylhet rain 
than in the other two Indian stations and in Rothamsted, and the percentage also 
much higher than in the above stations. 

A table has been drawn up of the results of analysis of the rain water of stations 
more in a line with Sylhet, i.e., which are either in the tropics or very nearly so. 

Table III. 

Analysis of the rain water. 


Station 

Rainfall 

Niteoqex (pounds pee aoee) 

Total 

Ratio of 

As ammonia 

As nitrate 
and 
nitrite 

ammonia to 
nitric 
nitrogen 

Barbados 

59*40 

1*009 

2*443 

3-452 

1 

t 2*42 

Britisil Guiana 

106-71 

1*321 

2-190 

3-611 


1*66 

; Queensland (Bris- 





■■ 


1 ’ bane) 

4C-44 

2*228 

1*920 

4*148 


: 0*86 

“1 Queensland (Cairns) 

75-16 

1*355 

1*760 

3*131 

■l 

1*30 

1 Lincoln (New- 

29-70 

0*513 

1*198 

1*711 

■■ 

2*33 

i ! Zealand). 







pE . Debra Bun # .■ | 

86*48 

2-037 

1*368 

3*405 

1 

0*67 

Tonquin (Malaya) , 

57*91 

4*390 

3-540 

7*930 

1 ■ 

0*80 

' ' Venezuela 

• • 

14*300 


% • 


# • 

Mauritius 

... 

* . 

6*340 



* • 

Sylhet . 

155*05 

4*633 

3*757 

8*290 

1 

0*82 

Pretoria 

24*31 

6*687 

1*083 

7*670 

1 

0*16 

•i , Durban 

42*34 

3*651 

1*234 

4*884 

1 

0*34 

Cawnpore 

49*36 

2*482 

0*768 

3*250 

1 

0*31 

r Eothamsted* 

1 i' i 1 

27*25 

2*710 

1*130 

3*84() 

1 

0*43 


^Eothamsted figures are given for purposes of comparison. 
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It will be seen that there is considerable variation in the total ainoiint of 
nitrogen brought down by rain. We are afraid the statement that ' the tropical 
rain does not supply to the soil an essentially greater amount of nitrogen than the 
rain of the temperate climates" [Miller, 1905] has to be accepted with certain re- 
servations, The totals of Pretoria, Tonqiiin, Venezuela (ammonia alone), Mauritius 
(nitric nitrogen alone), and Sylhet are results to the point. 

With regaixl to the pejoentage of ammonia to nitric nitrogen, it would be seen 
that with the exception of Pretoria, Durban and Cawnpore there is practically a 
regularity in the higher peioentage of nitric nitrogen to that of ammonia in the 
tropics. 

Summary. 

1. Eainfall at Sylhet in the year under review had been 155 inches, average 
fall being about 150 inches a year. 

2. Total nitrogen brought down by rain is 8*290 lbs. per acre, considerably 
higher than that at Dehra Dun or Cawnpore and also at Rothamsted. 

3. The ratio of ammonia to nitric nitrogen is as 1 : 0*82. The percentage is 
thus higher than in non-tropical countries — which is in accord with the current 
theory. 

4. The biochemical activity is perhaps the most predominating cause regarding 
the source of ammonia at Sylhet. 

6. The amount of albuminoid ammonia is 6’406 lbs. per acre. 

In conclusion we wish to express our thanks to Mr. D. E. Roberts, Principal 
of the College, for granting us all facilities in connection with the work and for his 
kind interest in it. 
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A NOTE ON THE INHEEITANCE OF SEED-COAT COLOUR IN 
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(Received for publication on 6th October 1932) 

(With Plate XXIV) 

Introduction. 

There are numerous publications on the inheritance of seed-coat colour in 
P. vulgaris L. and other beans but the author has been unable to trace any publi- 
cation dealing with inheritance of P. Innatus, Varieties of P. to are exten- 
sively cultivated in the dry zone of Upper Burma and two varietieSj Rangoon 
White Bean {pehyugale) and Rangoon Red Bean are exported. The com- 

bined acreage under these two varieties in 1930-31 was 300,3^^7. Bince 1924 selec- 
tion and breeding work has been in progress at Mandalay and as a side-line the 
following observations on the inheritance of seed-coat colour have been made, A 
white-seeded variety known as Moki Lima was introduced from Egypt in 1924 and 
this has been used as the white parent in the following crosses. The object 
originally in view was to combine some of the hardy characters of the small-seeded 
Burmese coloured types {pegya) with, the large flat- seeded characters of Moki Lima. 
Unfortunately the Fg generations were all badly damaged by cricket attack and an 
insufficient number of plants matured to give certain ratios but from the Eg progeny 
it has been possible to gain some information about the inheritance of testa colour. 

Natural crossino. 

In 1928 plants of white Moki Lima and rose- speckled pegya wem grown to- 
gether and allowed to intertwine. In 1929 the white seed from the Moki Lima was 
planted separately and out of 556 plants 27 produced coloured seed, or 4*85 per 
cent. Moki Lima ha^s a large flat somewhat triangular-shaped seed, whereas pegya is 
small and roundish. The Moki Lima shape is largely dominant over the pegya 
shape and so it was possible to ascertain that the reciprocal cross occurred more 
frequently. Out of 228 plants grown from the pegya seed which had been mixed 
with Moki Lima in the previous season, 42 plants developed seed approaching Moki 
Lima in shape, giving 18*42 per cent. This was coiivsiderably higher than expected, 
It is thought that the crossing is done by small insects. The high amount of 
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natural crossing lias caused much trouble with this crop, which is not easily bagged. 
Artificial crosses, on the other hand, are difficult to perform suceessfiilly, any 
injury to the twisted keel resulting in abscission of the flower. Not more than 16 
per cent, of successes have been obtained. 

Moia Lima I x Pegya. 

This cross was made in 1 927, between Moki Lima I (white) and pegya {light 
rose-speckled on buff ground). The speckled character can be divided into two 
groups, dark-speckled and light-speckled (Plate XXIV, figs. 1-4). The degree to 
which the rose colour is suppressed is rather variable and it is not uncommon to 
find seeds in one pod which would singly be put in different classes, and also seeds 
wffiich on one side are dark-speckled may occasionally approach the light-speckled 
group on the opposite side. In spite of these variations there is no difficulty in 
making the classification when several pods are examined from each plant. The 
Fi was rose-speckled on buii ground but there was a much larger amount of rose 
than in the coloured parent, i.e., it was dark rose-speckled. The Fg (Plate XXIV, 
fig. 3) segrega^ted 23 dark-speckled : 21 light-speckled : 10 plain rose : 9 white. 
In the Fg generation the following segregations were observed : — 


(a). Dark rose-speckled 07i buff ground . — ^None bred true. From four lines the 
following numbers were obtained : — 


Dark rose 

Light rose 

Plain rose 

White 

22 

9 

14 

16 

56 

21 

32 

40 

159 

75 

64 

86 

199 

100 

100 

lOS 

436 

205 

210 

249 


Totals 1100 


Coloured 


WIxite 


851 249 

sm O'n 
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, Air. +t,a and is broken up in an irregular 

merever colour has occurre a light buff. There are types of 

manner (speckled) ^l^ite or pale green but they are not 

P. lumtus m which the g segregation there is clearly one colour factor 

.h, a^UpccW „la.,we«bt,a.the 


and which when heterozygous^ 
following : — 


Dark rose Light rose 


Plain rose 


Observed 
Calculated 
(6:3:3: 4) 


412*60 206*26 


-4*064, P between *3 and *2. 


1 1 j.!* ■*. 1rtY»rr£» ir» ■flip djirk Silld wlilijo cistssoSj d[o 6 S nob 

b n J « b. noted tbet no no* bonne Love 

mto UgLt.e^ekled.nawMte. None produced MtLer d«k..IooHed or plum rose. 

From seven lines the following numbers were obtained :- 

. 


line No. 


ligbt-speckled 


Batio « 3-07 ; 0*93. 
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In the light of the behaviour of the dark class it appears that the light class 
are homozygous for the speckling factor and can only segregate for the colour 
factor, E. 

(c). Plain rose {Plate XXIV, fig, 6),— In this class the speckling does not 
appear and the biifi ground colour which accompanies the speckling factor cannot 
be distinguished if it is present. Combining a number of lines the numbers 
obtained were 352 plain rose : 117 white = 3*002 : 0*998. 

(cl). If Mi?c.—All bred true. 

On the above assumptions the calculated would be, 


The lit is far from good but in view of the small numbers and the behaviour of 
the F 3 , it may be accepted as the best explanation available. 

Moki Lima II x Pegya. 

From a cross between another strain of Moki Lima and pegya purple colour was 
produced in the F^ (Plate XXIV, figs. 1 , 2 and 6 ), The speckling pattern with a 
buff ground developed in the same way as in the previous cross but the behaviour of 
the colour genes was difierent. In the Fg the following segregation took place : — 


Considering first the colour characters, 


Purple 

dark- 

BpecMed 

Purple 

liglit- 

speckled 

Purple 

plain 

Rose 

dark- 

speckled 

Bose 

lighfc- 

speckled 

Rose 

plain 

WMte 

. 

Total 

41 

16 

18 

15 

6 

5 

35 

136 


, Rose dark- 
speckled 

Rose ligM- 
speokled 

1 ■ Rose 

i plain 

i 

1 . 

White 

23 

21 

10 

9 (Observed) 

23*58 

11*79 

11*79 

15*72 (Oalculated, 




6 : S ; 3 : 4), 


Purple 

Rose 

White 

4i-M6-fl8 ■' 

16+6+6 

1 


=75 

: =26. 

35 

8*82 

3*06 

1 

4-11 (Theory, 9:3:4). 
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If a colour iutensifier P is assumed wliich converts rose to purple so that 
RP gives purple hut P is inactive when R is absent, the above numbers 
approximate closely to the modified dihybrid scheme indicated. The three genes, 
R, P and S would then lead to the following trihybrid scheme 


Purple dark- 
speclded 

Purple light- 
speckled 

Purple 

plain 

Rose dark- 
speckled 

Rose light- 
speckled 

Rose 

plain i 

White 

. 18 

9 

9 

6 

3 

3 

16 (Ratio) 

■41 

16 

18 

15 

6 

5 

35 (Observed) 

38*25 

19*125 

19*125 1 

12*75 

6*375 

6*375 

34 (Calculated) 


A:2=1*1621, P==aboxit*97 

Considering the small numbers the fit is good. We may therefore conclude 
that the constitution of the parents in this cross was 

rrPPss X RRppSS 


Prom the Pg generation of this cross one plant gave the following progeny 


inP.:- 


Purple dark- 
speckled 

Purple light- 
speckled 

Purple 

plain 

Bose dark- 
speckled 

Bose light- 
speckled 

Bose plain 

47 

15 

20 

16 

10 

7 

43*125 ! 

21*5625 

21-6626 

14*375 

7-1875 

7-1875 (Expected) 


* 


P=about0-6. 

Assuming the same factors as before and that the P 2 plant was homozygous for 
the rose factor, R, the theoretical ratio would be 6:3: 3 : 2:1:1, and con-* 
sidering the small number the fit is about as good as could be expected. 

Summary. 

A gene, R, which produces a rose colour in the seed-coat of some varieties of 
PJiaseolns lunatns L., is described and an inteneifier, P, which converts rose into 
purple but which alone is inactive. 

The speck] ed pattern is produced by the gene S which breaks up the rose or 
purple colour, it is a partial dominant, causing a large degree of colour suppression 
when homozygous and a much smaller amount when heterozygous. 


I 
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A SIMPLE METHOD OF PREPAEING CELLULOSE (HYDRATE) 
FOR CELLULOSE AGAR. 


RAM. SINGH SAEKARIA, B.So. (Abei.), M.So. (Iowa), 

AgncuUaml Baoieriologist to Government^ Punjab, LyaUpur, 

AHB 

FAZARUD-DIN, B.Sc.; 

Bojoteriological Assistant, Lyallfiifn 

(Received for publication on 9th December 1932) 

Kellerman and McBett [ 1912 ] developed a special eultiire mediiiin for 
cellulose was prepared in cuper-ammoninm solution. The method as described by 
McBeth [1916 ] yields a satisfactory product, but the working of it involves a 
good deal of manipulation. 

Scales [ 1915 ] suggested the following process: ''100 c.c. of concentrated 
sulphuric acid are diluted with 60 c.c. of distilled 'water in a 2-liter flask and cooled 
to 60® or 65®0. To this are added 5 grams of moist filter paper, and the mixture 
vigorously shaken until filter paper is completely dissolved. The flask is then 
quickly filled with cold water and the precipitate filtered and washed until it is 
free from acid. When the volume of the suspension is drained to about 200 c.c., a 
hole is punched in the filter. The precipitate is then washed into a flask and the 
volume made up to 500 c.c.'' 

The above method, when tried in this Laboratory, gave variable results. It 
was, therefore, considered necessary to so modify the Scales' process as to secure with 
ease cellulose hydrate of the desired quality. 

One gram of filter paper was dissolved in 20 c.c. of concentrated sulphuric 
acid diluted with 20, 18, 16.. 14 and 12 c.c. of distilled water, and cellulose hydrate 
made to precipitate at 30®, 36®, 40®, 46®, 60®, 55®, 60®, 65®, 70® and 75®C., accord- 
ing to the Scales' method described above. Precipitates were made in triplicates. 
Each of them was washed acid-free, air-dried and weighed. The observations 
recorded in Table I indicate that the hydrate prepared in 20 c.c. of concentrated 
sulphuric acid diluted with 20 and 18 c.c. of distilled water at all temperatures 
was coarse and filamentous. 20 : 16 acid solution produced a coarse material at 
low temperatures, but it yielded a fairly satisfactory product between 50® and 
60®0. At higher temperatures, the quality of cellulose hydrate was good, but 
bulk of the precipitate was markedly reduced. With 20: 14 dilution the pre- 

* Specific gravity of the concentrated sulphuric acid used was l’84rl at 60®E. 
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dpitate became iloo«ul.nt and BomewW ooame at bat copmaa pmcpitete 

rf fine qaaUty was obtained at 40“ to 46-0. At 50“C. tbe amoant of prempiteto 

.^0 reduced Ldderably, until at «td above »“O t b„,n.e 

The pmdpitate obtained in 20 : 12 ddntion at 30“0. wac coame, bat at 35 to 

40"0. it wL fairly good. The amount of precipitate obtained at and above 60 0. 

was negligible for practical purposes. 4. 

Tte conclusion is, therefore, evident from the ohseryaW made above that 
the Scales’ method yielded fairly fine cellulose hydrate with 20 ; 12 and 20 . 14 

dilutions at SS'’ to 40° 0. and 40° to 45° C. respectively. 

Table I. 

Showing the influence ofd^erent concentrate^ of sulphuric acrd mdtemperature on 

the precipitation oj cellulose. 


Acid : Water 


Temp.® C. 


30 1 2 
13 

n 

35-(2 

1.3 

n ■ 

40-i 2 . 

Is , 

43 ■ 

13 

60-1 2 
13 


O&E 

C&P 

C & F 

C&F 

C & F 

C&F 

C&F 

C&F 

C&F 

C&F 

C&F 

C&F 

C&F 

C&F 

C&F 

C&F 

C&F 

C&F 

C&F ! 

C&F 

C & F 

C&F 

C&F 

C&F 

C&F 

C& F 

C&F 


Solution 


r 

i 0-87^ 


M 

M 

M 

M 

M 

Turbid 

solution 
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Showing the influence of different concentrations of sulphmc ai%d and temperature on 

the precipitation of cellulose — contd. 
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A NIW METHOD OF PREPARING CELLULOSE HYDRATE 

While workin^^ method a simpler process was developed for the 

preparation of cellulose hydrate of the desired quality. Filter papers were placed 
side by side in 50 c. c. of 10 per cent, sulphuric acid solution in a porcelain dish m 
such a manner that the lower portions of each were dipped in the acid solution and 
the upper portions left exposed to the air. The dish with its contents was then 
placed at 37®C. in the incubator. After 24 hours the position of the filter papers 
was gently reversed and the acid solution was drained ofi at the end of another 
interval of twenty-four hours. The filter papers were again incubated for a period 
of 48 to 72 hours when they had lost strength, breaking down even at a gentle toncli. 
These were then carefully transferred over to the filtering apparatus and washed 
acid-free. When free from acid the material was thoroughly shaken with distilled 
water in a stoppered cylinder and fine suspension of cellulose hydrate was stored 
in the cooler for future use. The same product may be partly dried, ground in 
alcohol and made into a fine powder. 

It was remarkable indeed that the particles of cellulose hydrate in water 
suspension made by this method were so fine that they did not completely settle 
down for days together, whereas the product made by the Scales' modified inethod 
settled down within 2-3 hours after precipitation. The extreme fineness of 
cellrlose hydrate thus prepared gives this process a distinct advantage over the 
older method as it will pour the plates evenly. Besides, the method is very simple, 
requiring less sulphuric acid, no ice and affording greater ease in manipulation. 
It, however, takes longer to prepare cellulose hydrate by this method than by the 
modified method of Scales. 

Conclusions. 

1. It was found that cellulose dydrate precipitated but sparingly in 20 : 12 acid 
solution at 60'^-66°0, as originally recommended by Scales. 

2. Very satisfactory product was, however, secured by precipitating cellulose in 
20 : 12 and 20 : 14 acid solutions at 35°-40^C. and 40*^ to 46^0. respectively. 

3. The product made by the new method developed in this Laboratory, was 
found to be quite superior in quality. 
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I. Intboduotion. 

This work was started at the suggestion of Mr. P. V. Isaac, Second Imperial 
Entomologist (Dipterist) and was carried out while I was an Assistant in the 
Entomological Section of the Agricultural Research Institute, Pusa. 1 am indebted 
to Messrs. Isaac and M. Afzal Husain (who was officiating as Imperial 
Entomologist, in 1926-26) for their keen interest in this investigation and to 
Mr. T. B. Fletcher, Imperial Entomologist, for allowing me to remove the study- 
material and the drawings on my transfer to the Forest Research Institute, 
Dehra Dun. 1 am grateful to artists, Messrs. P. Narayanan and V. G. Lele of 
Pusa for preparing the plates. 

II. Technique. 

The larvse were killed in boiling water and their calcareous matter was 
removed by dilute hydrochloric acid. For the study of mouth-parts, the bead was 
macerated in 10 per cent, potassium hydroxide, washed in glacial acetic acid, 
dehydrated, stained in picric acid, dissolved in clove oil and mounted in balsam. 
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III. Systematic rosition. 

Several' species of Odontomyia occur in India, and of tliese Odontomyia cyanea 
Brunetti, is very common at Pusa (Biliar) during tlie month of March. This 
species was first named as O^violacea in 1917 by Brunetti, but later [1920] he 
changed the name to 0, cyanea. 

The chief points of interest in the sub-family— SiRATiOMYiNiP}, to which this 
insect belongs, are, that the elongate antennse are three-] ointed, the third joint 
annulated and devoid of arista and that the posterior cross-vein is present. Brauer 
in 1883 describes the larvae as peripneustic [Verrall, 1909]. Miall [1896] says there 
are, in larva of Stratiomyia, nine pairs of spiracles on the sides of the body, which 
are not open, though branches from the longitudinal air- tubes pass to them. On 
the other hand, Lundbeck [1907] mentions that there always are terminal spiracles 
lying in an oval fissure on the last segment fringed with feathery hairs. Thus with 
regard to the function of the tracheal system the larvae could be termed 
metapneustic. The pupae are enclosed in the last larval skin, differing in this 
respect from other Brachycera. 

Miall [1896] states that the system atists consider the structure of the antennae 
as an important character. The antennae of Stratiomyia which is allied to 
Odontomyia, are considered as intermediate between the many jointed antennae of 
Nematocera and that of Muscidae. The intermediate position also reflects on the 
mode of its metamorphosis. It resembles Nematocera in structure and life-history 
except that it forms a more or less perfect, independent pupa-obtecta enclosed in 
the last larval skin, which it uses as a covering case. This condition also differs 
from the coarctate pupa of Cyclorrhaphous flies, although the two are superficially 
similar. The Muscid fly escapes by detaching a transverse fissure at the • anterior 
segments ; but the mode of emergence of the fly Stratiomyia is after the Nemato- 
ceran manner, that is, by splitting longitudinally, though there is also a transverse 
fission. It shows, then, that Stratiomyia and Odontomyia are the exceptions and 
important links between the Nematocera and Muscidae, in possessing a more or 
less perfect pupa-obtecta formed within the last larval skin, thus indicating the 
origin of a change in the life-history. 

IV. Habits AND HABITAT OR the LARVA. 

The larvae are found either floating in water accumulated in the hollows of 
trees or crawling in the mud and decaying vegetable matter collected there. A few 
larvae were also found in the mud near the edge of a dirty drain at Pusa. These 
larvae were noticed to live without water in a more or less desiccated condition 
for over two months and were also found to remain unaffected when kept in very 
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dilute salt solution ; similar habits of Stratiomyia larvse were observed by Malloeh 
[ 1917 ] and Williston [1908] respectively* The Stratiomyid larvae were found by 
John C. Hamm, in the thermal springs of Ninte, Wyoming [Johnson, 1896]. 

The larvae come to the surface of water at times, and push their posterior 
extremities which carry the ’ spiracles, into the air. The terminal long plumose 
hairs when spread out enable the larvae to keep themselves at the surface and 
prevent the water from entering the respiratory chamber, and by their means when 
folded, they can retain a small bubble of air and carry it with them beneath the 
surface. The pointed tip of its tail-fringe pierces the surface film when the 
larva wants to come up ; the feathery hairs set apart once more thus restoring an 
unwettable floating basin, which admits the air to the spiracle. The surface film 
is in a state of tension, i.e,, it exerts a pnll, the advantage of which is taken by the 
larva by maintaining a vertical position, thus allowing the head and jaws to sweep 
through the water in search of food. It swims about with a vertical undulatory 
motion. It drags itself along by its mouth when out of water and alternate con- 
traction and extension of the segments also help in forward movements. In shallow 
water, the last two or three segments are usually bent upwards, so as to reach the 
surface. 

The larvge have been noticed to feed upon other small insect larvse and upon 
various decaying vegetable matter, swept into the mouth by the palps. Some have 
been found preying upon their own kind, which is probably in the absence of the 
usual food material. They were noticed to feed in congregation on dead pyralid 
worms, cockroaches and rotten fruits, when such type of diet was oflered to them. 

V. Life-histoby. 

A number of larvm were collected from the hollows of trees in the vicinity of 
Pusa Estate, in the last week of November, 1926. In February, 1926, larvae 
reached maturity and had pupated and the adults began to emerge from the middle 
of March. Attempts to breed out a new generation in the laboratory were unsuc- 
cessful. 

In 1926, material was again collected in the mouths of July and August. 
They remained in the larval stage throughout the rains and winter, and attained the 
fully-grown stage during February, 1927, and began to issue as adults in March 


and early April. Males and females were again caged for mating and oviposition 
but no eggs were laid. Special care was taken this time to ofier, as far as possible, 
a natural surrounding for the flies to lay eggs. For this purpose the ground 
surface of the cage was covered over with a thick layer of odorous refuse brought 
from the hollows of trees and was kept wet throughout the experiment. Pieces of 
bark and leafy shade were also provided. 
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From the material collected, it appears that the larval period is very long and 
the insect remains in that stage throughout the summer and winter and becomes 
ready for pupation in the following spring. 

At the time of moulting, the larva crawls out to the surface of refuse and lies 
inactive there. The outer skin starts drying and then (1) a slit occurs dorsally 
just behind the head and a transverse slit at right angles to it or (2) the outer skin 
becomes completely dried out and breaks up into pieces and thus exposes the new 
larva from inside. 

Before pupation the larva stops feeding and becomes sluggish. Its body 
becomes a little contracted. The puparium, closely resembling the larva, is only 
at times aquatic, otherwise at the time of pupation the larva generally creeps out 
of the water. It either pupates by burying itself just beneath the surface of the 
soil or in the floating vegetation. After a quiescent stage the pupa is formed 
inside the larval skin or puparium. 

The pupa is inactive and the pupal period has been observed to be about seven 
days. It was rather difficult to ascertain the exact pupal period because the pupa, 
though free, is formed within the last larval skin with no apparent change. The 
slight inflation of the anterior part of the puparium especially near the middle 
reveals the inside formation of the pupa. The maximum pupal period extends 
to eleven days under laboratory conditions. In some cases the emergence did not 
occur from the puparia due to either fungus attack or some bacterial disease which 
caused the inside pupa to rot. 

Gn the pupa becoming mature, the fly escapes, by splitting the skin trans- 
versely across the disc of the second segment, transversely on the fourth segment, 
and on the mid-dorsal line between these two, so as to form an I-shaped opening 
(Plate XXV, fig. 4). The adidts commenced to appear. from puparia from 6th March 
to 2nd April and 26th March to 18th April in 1926 and 1927 respectively. The 
adults fed in the cages on honey and water lived from 8-14 days. 

Thus it appears that the life-cycle of this species is annual. The early spring 
brood of flies derived from the hibernating larvae, gives rise to a summer brood 
of larvae which remains in that stage throughout the winter, and which shows no 
emergence till the following spring. 


, 


V. Desobiption oe vabious stages. 

{u)LaTmiPlateXXV, figs. 1, 2, Sard pm 

From the collection made in 1925-26, the smallest larva measured was about 
3 mm. in length and about 1 mm. in breadth and consisted of 12 blackish brown 
segments. Behind the small horny, slightly retractable head, which is covered 
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by the front of the first segment of the body, come 11 segments which increase 
greatly in length and diminish in breadth towards the tail. The full-grown larvae 
measured 26-30 mm. long and 4-5-6 mm. broad across the 4th and 6th segments 
which are widest (Plate XXV, figs. 1, 2.) 

The first four segments are each slightly overlapped by the succeeding one, 
while the remaining segments are each slightly overlapped by the segment in 
front. The body is depressed and rigid due to the deposition of calcium carbonate 
by the hypodermis of the larva. The surface of the body is thickly covered with 
minute peltate scales (Plate XXVI, fig. 11) which help to stifien it and also 
with few scattering hairs. It bears six light brownish longitudinal stripes on 
both sides of the body. On each side a black margin is visible along the entire 
length of the body. The stripes are all continued and are more distinct at the 
sutures but become faint along the margins of the segments and also in the last 
segment. The tough skin and colour probably protect them efiBciently from insect 
enemies, in both larval and pupal stages. 

There are nine pairs of spiracles which are not open, on the upper side of the 
lateral margins of segments first to tenth excepting on second. These spiracles are 
minute (except the first %vhich is large), circular and brown in colour. Ventrally 
at the middle of the hind margin, on the fifth and on the tenth segment there is a 
pair of minute dark brown hooks, with their points curving towards the anterior 
(Plate XXV, figs. 2, 3). Hart [ 1895 ] describes the presence of one or more pairs 
of ventral hooks on the posterior margins of segments nine and ten, in his species 
of Odontomyia. 

The sides of the last segment are almost parallel, tapering slightly towards the 
apex, with a terminal transverse cleft, which is furnished along its margin with long 
plumose hairs, about thirty in number. On the ventral side is an elongate anal 
slit, bounded by piliferous spots (Plate XXV, fig. 3). 

The head (Plate XXVI. figs. 1, la) is smaD, sub-opaque and consists of a 
middle dark brown pointed lobe, which is separated by deep clefts from the 
lateral lobes. The palps bearing strong hairs are lodged in these clefts. The 
mouth is armed by a number of hooks ; the eyes are small, dark, slightly promin- 
ent. A few plumose hairs are present on both the surfaces of the head. 

The pointed median lobe forms a vertical, somewhat hooked labrum (a prolon- 
gation of the unnotched clypeus), which is bent ventrally and strongly sclerotised 
from the rest of the hind lobe (Plate XXVI, fig. 4). Anteriorly it is beset 
with hairs, some of which are conspicuously bristle-like on either side. Just 
behind these and situated dorsally are tw'O bunches of hairs. To each side of the 
labrum lie the mandibles and maxillae (Plate XXVI, figs. 1, la). 
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i The lateral lobes bear at the point a small antenna (Plate XXVI, figs. 1, la, 2), 

which is composed of a basal segment bearing three small blunt sensory papillse 
; on its truncate apex and a terminal one having the form of a bell-shaped 

organ as in other Dipterous larvae. Lying below these lateral lobes are the 
mandibles (Plate XXVI, fig. 2), which are weak and scale-like. Ventrally each 
mandible is provided with a dentate chitinous structure, having eight large teeth, 
curved somewhat inwards towards the mouth. The outer base of this dentate 
structure is beset with a tuft of long, stout hairs. Dorsally, the basal portion of 
the mandibles joins with the lateral lobes bearing antennae and ventrally with the 
sclerotic submentum plate. 

Below the antennse and at the sides of the labrum are lodged on a small cleft 
of the tentorial apparatus a pair of maxillae (Plate XXVI, fig. 3). They are very 
complex in life, moving rapidly and alternately with an upward and downward 
motion ; and are provided with powerful retractor muscles. The maxilla consists 
of two basal plates (homologous to cardo) which are united dorsally in a 
sclerotic expansion or dorsal plate bearing sclerotised hairs. Ventrally the basal 
plates are richly provided with hairs, combs and teeth. One end of the basal plate 
is strongly sclerotised to form a knob-like structure, bearing two tooth-like pro- 
cesses, The front plate (which corresponds to stipes) is articulated dorsally and 
bears anteriorly 4-6 rows of hairs one behind the other in a regular manner. 
Ventrally, it is provided with a row of teeth. Above the rows of hairs, is situated 
the one* jointed cylindrical maxillary palp. The maxilla also carries a small acces- 
sory scale-like plate bearing four teeth pointing inwardly towards the mouth. This 
plate is considered by de Meijere [1917] to be an overgrowth of the maxilla and 
perhaps serves for chewing purposes [Becker, 1910]. This type of maxilla perhaps 
corresponds to the maxilla of the Eucephalen [Becker, 1910]. They serve the 
function of either locomotion in water or feeding or both. 

The labium (Plate XXVI, figs, la, 5) which is a dark, small sclerotic piece, 
is situated ventrally and beset with fringe of hairs along its free edge. The 
submentum is a sclerotic plate carrying two pairs of plumose hairs and occupies 
the greater part of the ventral surface. It separates itself by its dark colouration 
from the lighter edges of the lateral lobes. Near the edges of the lateral lobes lie 
a pair of plumose hairs. The mentum is a small oval plate, the edges of which are 
strongly sclerotised. Just above the labium, lies the hypopharynx (Plate XXVI, 
figs. 6, 7) which consists of two small chitinous comb-like plates. 

The tentorial skeleton consists of two longitudinal plates, the anterior lower 
margins of which are joined together medianally through a bridge, but towards 
the interior they become free from one another, thus forming an opening along its 
length in the median plane. This opening contains a pair of feathery flap-like 
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structures (Plate XXVI, figs. 6, 9). Prom the bridge commences the pharynx as 
a pressed tube. I he side edges of the longitudinal plates are connected with the 
dorsal wall of the head which become independent internally and lie on either side 
of the pharynx as supports. The hind portion of the skeleton forms a sclerotised 
capsule which extends to the first thoracic segment, and contains a small, compact, 
spherical rubbing structure (Plate XXVI, figs. 8, 8a) bearing strong teeth ventrally. 
On the dorsal side it is provided wdth two winged expansions. Vaney considers 
this structure as the chewing apparatus [Becker, 1910]. 

The internal .skeleton of the head capsule consists of a thin dorsal sclerotic 
membrane (Plate XXVI, fig. 10) or head plate (according to Jusbaschjanz termi- 
nology) and is a direct advancement of the dorsal head wall [de Meijere, 1916] 
which takes the origin internally from the anterior margin of the first thoracic 
.segment and descends backwards up to the hind sclerotised capsular portion of the 
tentorial apparatus. The free margins of this membrane are bent inwardly and 
ventrally, thus enclosing most of the pharynx. 

(6) Pupa {Plate XX V, jigs. 5, 6). 

The pupa is about 15 mm. long and about 4 mm. wide. It is creamy white 
in colour when newly transformed but becomes light yellow brown when about 
two days old. The appendages also assume a darker colour. The antennse 
lie anteriorly along the margin of the eyes. The legs are glued down to the body 
on the ventral side and so are the wing-pads at the sides. The pupa of the male 
is a little smaller than that of the female and the distinctive sexual characters are 
obvious from the contiguous nature of the eyes in the male. 

{g) Adult {Phie XXV, jigs. 7, 10). 

The adult is quite a large fly having deep metallic blue colour that gives it the 
appearance cf a I, Brunetti [1923] states, “apparently the only oriental 
metallic species except 0. luleioeps de Meij. which, however, has a black, non-metallic 
thorax ”. The sexes may be distinguished by the distance apart of the eyes which 
are holoptic in the male. The first and second antennal joints are nearly sub-equal 
and the third joint bears five annulations with a small apical style. The abdomen 
is broad and greatly flattened ; the wings do not cover the sides of the body but 
lie parallel upon each other over the abdomen, and project beyond it. The 
scutellum bears two spines which stand out towards the abdomen. 

The adults are frequently found on flowers and also sitting on leaves near tree- 
holes in shady places. They do not seem to possess any marked powers of fliglit 
and do not easily fly away when disturbed. When enclosed in cages they appear 
to be positively heliotropic. 
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VIL Parasites. 

In the skin of a larva small rounded holes were noticed whieli were due to the 
escape of chalcids. The larva w'as dissected out, and 9 chalcid pupse were extract- 
ed which unfortunately never transformed into adult forms. 
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I. Inteoduction. 


Rice in Soutli India is principally transplanted. The seeds are first sown in 
a seed hed and after the lapse of some time, which depends upon the age of the 
varieties, the seedlings are transplanted in open fields with definite spacings which 
again depend on (a) the conditions of the seedlings at transplant time, (b) the 
age of the variety, and (c) the fertility of the transplant field. Review of relevant 
literature reveals some confusion in nomenclature, and in the pages that follow, 
it has been deemed necessary to adopt certain definitions to clarify the issue. 
Since the period between the emergence of the panicle and until it is ripe for 
harvest is a fairly constant one for all varieties, the duration of the crop for compari- 
son purposes is best expressed in terms of fl.owering or panicle emergence. Thus 



IHDIAN JOtTBlirAL O* AaEICtLTUfeAi SCIBM'CE 


[ 111, III. 


loumnli Mum U tli. totd imlei of d.ys liot elop* botwoo «f 

■^3 the i-~c of tie floweiiog pkase. XHs detortioo ioHogooibotl 

witi . broadewt and taooplaoted crop. Tim of >= tbo day 

of the month) on which flowering is flrst obseired m the mdmdntil pie . 
plant may have several tillers, each one of them producing a panic e, and as they 
Loot all flower on the same day, the time of 

tte day on wHch tlie first panicle emerges out of its leaf -sheath.^ In famxe 
where the time of flowering is specially sought to be studied, the plants are 
planted with regular spaoings and the flowering date of each plant is ‘ 

steoially prepared s^uar^l paper wherein each plant has a scpiare. Every second 
day the whole block is traversed, plant by plant, and the dates of flowering o 
XroTtemd on the squared paper. When the whole famUy flmshes flowing, 
fcLmSthe squared paper are added up, tabidated and the necessary statistrc. 

Wherl the tLe of flowering for individual plants in a f.r^y is not 
so marked, the time of flowering of the family is taken as the day on which ov 
60 per cent, of the plant, had put forth ears. This is arrived at P^dy f“m eye 
judgment, and with experience one can make a fairly lelia e ei i • 
Ltival between the beginning and ending of the flowering phase m a family 

taken as the jienod cZ/owemfif. ^ „ ,irrflT,;+p 

Flowering duration is an important economic character since it is a definite 
proportion of the total life-period of a crop and this should have a hearing on 
the^nal yields. Physiologically a variety which has a short hfe-period cannot 
produce as much grain as another with a definitely longer life-period thong ex- 
Ltions to this general finding are not rare. In the breeding work at Coimbatore, 
it i usual to note the time cf flowering for every unit that is grown on the station. 
In the present paper an attempt has been made to collect together all the 
relevant records in connection with the inheritance of flowerii^ duration accu- 
mulated in the station over a series of years, and to give a Mendelian interpreta- 
tion to the resnlts recorded. 

IT. Conditions AFFECTING THE CHAEACTEB. 

The flowering duration is influenced by several environmental conditions, the 
chief of them being the time of sowing the seeds. Each important nee tract has 
got a definite rice season and there is a certa.in well-defined period when the rices 
are sown. Irrespective of small changes in the time of sowing the crop, the time 
of flowering is fairly constant, the flowering duration alone being affected by the 
time of sowing. Sowings done earlier to or later than the optimum time result 
in either increasing or decreasing flowerii^ duration. 
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There is a very wide range in the flowering dii^ration of rice varieties. In the 
pure line collections at the Paddy Breeding Station, Coimhatore, there are 
varieties where the flowering duration is as short as 60 days, while in others it is 
as much as 180 days with a great many intermediate times between these two 
extremes. To illustrate the efiect of the time of sowing on the flowering duration, 

I Table I gives the flowering duration of one of the pure lines, No. 24, sown on 

difierent dates in the year during two seasons. It is seen that with earlier sowings 
the flowering duration is longer and this gets less and less as the sowings are 
I done later. Por a change in the time of sowing to as much as four months in 

1926-26, differences in the flowering duration are all within a week. The same 
result is borne out for the year 1927-28 where, however, owing perhaps to the 
prevailing weather conditions the flowering duration of November sowings has 
^ been delayed. In both the years, sowings done later than December have 

I delayed flowering very considerably. It follows therefore that within certain. 

[ limits, every variety has a minimum flowering duration, and very early or very 

\ late sowings extend the flowering duration considerably. This does not, however, 

I * hold gccd with lar or short duiation varieties which, irrespective of the time of 

I the year in which they are grown, do not change their duration materially. 


Table L 

Flowering duration of pure line, No. 24, sown on different days with inierval of a 

month. 


Sowing date 

FlOWBEIKU DUBATION IN DAYS 

1926-20 

1927-28 

Juno 1st , 





138 


July 1st , , 

' • « • ' • 




118 

ii3 

August 1st 





98 

98 

September let . 





90 

85 

October 1st , 





94 

88 

November 1st . 





91 

116 

December 1st . 





95 

98 

January Igt , 





104 

130 

February Isfc . 





224 

231 


Besides the time of sowing, other environmental conditions that affect the flower- 
ing duration are the ^ipacing given to individual plants in the field, and the 
conditions of fertility of the plot. Giving the plants too wide a spacing, say more 
than 9 in, io 12 in., delays flowering by a few days. So alsp, there have been 
instances where the same variety, sown and transplanted in the same day but in 
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different fields, lias flowered on different dates, tlie maximum difference observed 
being about 3 to 6 days. 

III. Discussion of literature. 

Several investigators have studied tlie inheritance of flowering duration on 
different cereals from tbe very early days of breeding woA. Biffen [1905] noted 
tlnit earliness was a simple dominant over lateness in wlieat. BVeeman [1919] in Iris 
wheat crosses interpreted duration on a multiple factor hypothesis, (laponv j 1918] 
woAing in oats found earliness to be a fimeidon of tbr(M3 factors. Emerson and 
Bast [1913], in tlieir studies on maize, found that a cross between an early and a late 
variety of corn produced an generation strictly intermediate between the parents 
in earliness. The Fg more than filled in the gap between the parents in all cases and 
in one case had a range far below the mean of the early parent to above the mean 
of the late parent. The above references clearly indicate that the flowering time 
may both be simple and complicated. While the simple cases were interpreted on 
unit Mendelian factors, the complicated cases have been explained under the 
multiple factor hypothesis. 

There have been some results published even regarding the inheritance of 
flowering duration in rice. Hoshino [1915] found that the flowering duration of F^ 
was intennediate between the two parents but inclined more towards the early 
parent. In Fg the range varied within the combined ranges of the two parents 
having the minimam fre^iuency class in the middle. He interpreted the results of 
his F 2 S and FgS with the assumption of 2 Mendelian factors. In some of the cases 
which he could not explain with the help of the 2 factors, a 3-factor hypothesis 
satisfactorily explained the actual results. He also stated that he did not find a 
single case of transgressive inheritance. Van der Stok [1910] has investigated time 
of ripening. According to Mm, in the cross between early and late ripening varieties 
earliness is entirely or almost entirely dominant to lateness in Fj^, although in one 
case its behaviour was quite reversed. Bhide [1926] found lateness to be a 
simple dominant to earliness in certain crosses of his, the ratio of ' lates f to 
' earlies ' in the P 2 2 *8 : L But in certain others the dominance of lateness was 

not apparent and in such cases he assumed that the earliness or lateness was con- 
trolled by multiple Mendelian factors. Nomura and Yamasaki [1925] formulated 
that the flowering time in rice was governed by three factors, each of which 
prolonged the time to a certain extent, one factor more than the other. In their 
crosses, the Fj^s were later than the late parent, and the ^ ^ 

early. He stated that the different combinations of the three factors brought 
about different shooting times. Jones [3928] reported in his two sets of crosses the 
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OGcurrence of transgressive inlieritance in the FgS Tevealiiig the existence of more 
than a factor difference though apparently 3 : 1 ratio of earliness to lates could be 
obtaixied by grouping. The studies of F^s and F 4 S, however, definitely proved the 
existence of more than 2 -factor difference. 

IV. Material AND methods of study. 

The several crosses in which the study of the inheritance of flowering (luratioii 
has been studied are all dealt with in the following pages. To overcome the 
difficulty of environmental influences, in crosses where flowering duration was under 
study, the parents were sown and transplanted by the side of the F^ and every 
year, so that the flowering records would be comparable. It is generally found that 
in a family pure for the flowering duration, early, medium or late, the flowering 
frequencies when plotted give a normal curve, the variation between the earliest 
and the latest being about a week to ten days. Where the family is not pure for 
the character, the frequencies either give multimodal curve or even a unimodal 
curve with a greater range in the time of flowering of the individual plants. Fig. 1 
represents the flowering graphs of two single plant selections, 140 and 201 . It is 
seen that the curves are normal, and that the range does not exceed ten days in 
both the families. Selections were made in each of the two families with flowering 
dates of a week's interval and another generation raised. Table II gives the details 
about these two families. 

Table II. 


Flowering data of two families apparently pure for flowering duration am i the selec- 
tions from them. 



Family 

number 

Flowering 

duration 

of 

parents 

(days) 

Period of 
flowering 
(days) 

Mean 

duration 

(days) 

S. B. 

0. V. 

Selections from 140 

Selections from 201 

140 

( 657 ' 
3 658 
; 659 

C 660 
201 

C 661 

3 662 

1 663 

C 664 

128 

128 

136 

136 

*i38 

138 

145 

145 

128-136 

132-152 

136-160 

136-150 ; 

140-164 

138-147 

161-163 

149-163 

149-161 ; 

151-163 ! 

' 

131-9±-l 

140'9±*2 

141*3i-l 

142*2i:T 

144’2i:T 

141‘5±*1 

155-8±*1 

156*6±*1 

163*7±-1 

166-2i*l 

i 1-6 

3*9 
3*0 
2*6 
2*5 
2-9 
2*0 
2*3 
2*2 ; 
2*6 

1*2 

2-7 

2*1 

1*9 

1*7 

2-1 

2*1 

1-5 

1*4 

1*6 


' i .4 'i'/ .. ) — -i 
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147 13 « 1315 140 ISO 159 1«o Ift® 

Flowering duration — days. 

3 ^. 2 . 


I The flowering frequency of family 237 gives apparently a normal curve but 

i with an extended range. Unlike families 140 and 201, selections taken with an 

^ interval of a week in flowering time give different ranges and different mean 

^ flowering durations. It would appear that family 237 has not been pure genetically 

[1 for flowering duration. With this preliminary knowledge about the character, we 

! can now proceed to examine the cases of definite crosses made on the station, 

wherein this character, flowering duration, was involved. 

I .. /-K-'"-"''’ '"'-v 

I ' ' -'i; It 'i'"’ ' 
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V. Analysis os’ oases — simple. 

1. Tlie first cross to fie considered in connection with the study ^of Sobering 
duration is No. 23. The flowering time of the had not fieen noted. Tlie F^ 

aaneration was studied indmdnally for flowering ^ 

distribution. It probably represents a trimodal curve with 1:2. ra ,io c eai y . 

: la4. the Lual ratios being 100 : 226 : _107 grouped according to 
the minimum frequency points. A number of selections were made m F^ a , 

diflerent points in the curve and an Fg raised therefrom. 


Table IV. 

Flowering data of the F^, FgS and F tS of cross No. 23. 


! ■ ' ' '' . ■ ' ■ ■ ' ' ' 

Generation 

( '■ ' 

] 

Number 

of 

family 

B’lowering 

duration 

of 

parents 

(days) 

Period of 
flowering 
(days) 

Mean 

duration 

(days) 

S. D. 

C. V. ■ 

, — 

E. Parent 

L. Parent 

From P 4 

■ (1005) 

? " ^ , 

:!i, ' 'i ' 

i i ^ 

;i i From P 4 

(1016) 

■ ■ ■ ■ 

From F 4 
(1008) 

P’rom F 4 

■ ( 1010 ) 

'm 

1013 

1005 
1010 
1003 

1006 

1007 

1008 
1011 

1014 

1321 

1322 

1323 

1324 

1351 

1352 

1353 

1354 

1326 

1326 

1327 

1328 

1333 

1334 

1335 

1336 

*'99 

103 

107 

113 

114 
122 
125 
129 
137 

107 

109 

117 
119 

116 

118 
122 
124 

137 

139 

141 

143 

135 

135 

139 

139 

98- 134 

99- 129 
103-125 
108-130 
110-154 
110-166 
119-145 
127-149 
125-153 I 
139-161 

108-122 

102-120 

101-122 

104- 123 

108-132 

105- 129 
107-129 
107-133 

122-142 

124-144 

124-144 

126-150 

118-136 

118-138 

122-138 

122-144 

98 

143 

114-1 ±'4 
116-3±-2 
113-7±-l 
119-l±'l 
129-0±-2 
129'2±-3 
134-6±-l 
139-3 ±-l 
142-6±-l 
146-7±-2 

116-6±-l 

113-6i-l 

112 - 0 ±-l 

113- 1±-1 

118-0±-l 

H 8 - 0 ±-l 

118-4±-l 

120-3±-l 

130-9±;-l 

133-1±-1 

182-1±-1 

135-9±'2 

125-4±-l 

125-3±-l 

130-8±-l 

132-6±-l 

9*0 

3‘8 

4*0 

3*5 

5*3 

5*5 

3*8 

3*1 

4*2 

3*4 

2*9 

3*4 

3*5 

2*7 

3*6 

3*2 

3*5 

3*4 

2*8 

3*3 

2*8 

4*4 

3*1 

2*6 

2*6 

2*9 

7*9 

3*6 

3*5 

2*9 

6-4 

6-8 

2*7 ' 
2*2 
2*9 
2*4 

2*5 

3*0 

3*2 

2*4 

3*1 

2*7 

3*0 

2*8 

2*1 
^ 2*5 
2*1 
3*2 

2*5 

2*0 

2*0 

2*2 


P’rom E, 

(1010) 
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Frequency distribution or flowering duration 
Fo OF CROSS 23. 


Flowering diimtion— days. 

Fig. 3. 

Table IV gives the flowering data of the FgS and F^s. When the flowering 
frequencies of the different selections from the FgS were plotted on a graph paper, 
the curves obtained were all apparently normal showing no segregation except two 
families, 1003 and 1006, which were taken towards the middle of the F^ graph. 
Fig. 4 gives the flowering frequencies of tliese two families. The figures appa- 
rently represent a bimodal curve giving a simple 3:1 of early to late. Taking 
the segregation at the minimum frequency class we get 

Early Late 

Family 1003 . . • • . • 1286 349 

Family 1006 . . . . . . 618 226 

Total . 1903 674 Dev, 

Oal. 3: 1 JS68 6W S. E. 

Although in the Fg, the range of variation in the early group was from 99 to 
127 days, selections with duration between 99 to 109 days were all apparently pure 
earlies in the Fg, because the mean duration of all these families varied only 
between 113 and 116 days. The two splitting families 1003 and 1006 gave a mean 
flowering duration of about 129 days. All the selections in the late group of the 
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, i.- , 19.3 davs have all bred pure for 

Fa, i.e., thoia with aowenag duration of these late selections varied 

lataness. The mean parental F 3 S vary from 135 to 146 

from 122 to 137 days and the mean 
davs. This point was well borne out even m the F, behavi 



duration inheritance comes from^the study 
of a naW hylid isolated from one of the pure lines, T- 100 lathe pbt o 
T 100 iust at flowering time, a plant was isolated as a possible hybrid and the 
F was grown in the foLwing season. The family was observed to be segjegatiT^ 

for flowering duration, but no counts were taken. About 60 selections taken ro 
F and grown as F 3 showed, that the families were behaving difierently for flowering 
dmation While some families were uniformly early , and certain others uniform y 

late there were some where the flowering appeared to come off defimtely m two 
fllhes, earlies and lates ; 18 were pure earlies, 28 were giving both earbes and lates 

and 14 were pure lates. 



Pure 

Lates 


Earlies Lates 


2424 

2427 


Generation 


Total for the 24 splitting families 
Calculated 3:1. . . 


396 

450 

300 

617 

326 

648 


4,169 

4,258 
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Pure 

Earlies 


The above figures represent a fair 1:2: 1 ratio. A simple separation of the 
plants into earlies and lates was made in a few of the 28 segregating families 
and the results are given in Table V. 

Table V. 

Ratios of earlies to lates in F^s and F^s of a natural hybrid in T, 100. 


Family 

number 


Character of 
parent 


from 2434 


761 

301 

229 

464 

405 

416 

437 

834 

784 

773 

690 


SEa,HE GATING INTO 


Pure 

»» 


141 

132 

141 

273 

163 

249 

190 


F, 

from 2427 


268 

121 

116 

136 

157 

170 

207 

118 

172 

289 

168 


Pure 









388 


INDIAN 


JOURNAL OB' agricultural SCIENCE 


[III, III. 



a floweiing ranges between 11 ^ f-om 130 to 150 days with means vary- 

ys. The pure alUhe se 

I feom 137 to 141 day... Utes. The mean flowering duration of 

tire range of the two, pure found to be between 116 and 120 days. 

» of tie of ao "“S'™ 'conespond to this ttoogi with a slightly 

1,0 oxtractod paie ea*es ft™ i J ^ inteipisted with a single factor 

.. The extracted ^ly type 







S89 

as in the previous cross. Plate XXVII, %; I, depicts the extracted early and 
late types from this cross. 

VL Analysis OP CASES^-GOMPLicATEi)* 

1. Cfoss T. 24xT, 310. 

The parents T. 24 and T. 310 had flowering durations of 100 and 85 days res- 
pectively with a clear difference of a fortnight between the two. The flowering 
duration of the Fj was 86 days almost like the early parent, T. 310, indicating com- 
plete dominance of earliness. The was studied individually for flowering time 
and the frequencies, whenplotted on a graph paper, did not show any sort of breaks, 
and it was an apparently normal ummoda.1 curve, indicating that the flowering 
duration was controlled by mnltiple factors. The flowering duration of the early 
parent was different in the 2nd year when it was being grown along with the Fg 
due to the difference in the sowing time and season, but still the mean flowering 
duration of the Pg “^he Pi in resembling the early parent. . 




Period of 
flowering 
(dajFS) 


Mean flowering 
duration 
(days) 

1st year—^ . 

-T.24 



100 


T.310 



85 





£6 

2ndymr — 

T.24' 

. 97-107 . 


. 101 


T. 310 

86-97 


91 



81-107 


. "92 


The flowering ranges of the two parents just meet and do not overlap each other, 
and the F2 has a range starting below the minus extreme of the early parentr and 
just reaches the extreme of the late parent. A large number of selections 
made in the Fg for the study of panicle character, could not be studied individually 
for flowering duration but the average time of flowering of the several individual 
families had, however, been recorded, which varied from 83 to 107 days. Of the 
selections made in some of the F^ families and grown as F4, two gave a sharp segre- 
gation into earlies and lates. For simple eye judgmeirfc there were two distinct 
flushes separable into 2 groups, earlies and lates. . Since the segregation was sharp, 
simple counts made of earlies and lates. These counts (Table "VI) gave a 

simple 3 ; 1 i»f earlies to lates, and the same behaviour was apparent in the selec- 
tions grown as F^s. 


0 
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Ratios of Earlies to Lates in F^s and F^s of T. 24x T. 310. 



Family 

number 

Character 

of 

jiarent 

Pure 

early 

Splitting into 

Pure 

late 

Remarks 

Early 

Late 


6283 



130 

39 




6284 



121 

49 




6285 



111 

64 



Selections from 

6772 

Early 

Pare 





6283 

6770 

» 


76 

28 




6771 



77 

27 




6773 



160 

67 




6774 

9$ 


74 

30 


(Only 2 rows of 


6776 

99 


71 

33 


plants were plant- 


6776 

Late 




Pure 

y edin each family 


6777 


i 



» 

and hence the 








small number) 

Fg wSelections from 

6781 

Early 

Pure 





5284 

5778 

»> 


84 

20 




5779 



79 

25 




5780 



73 

31 




6782 



72 

32 




6783 ' 

fi 


72 

32 




5784 

Late 




Pure 



6786 

*» 







Totals for 13 splitting families . . . 1,190 467 Dev. 

Caloolated 3 : 1 . . . . . . 1,235 412 S. E. 



To make sure of the nature of segregation, 8 selections were made in two of 
these families and an Fg was grown. The results are included in Table VI. The 
ratios between ‘ earlies ’ and ‘ lates ’ undoubtedly represent a monohybrid one. Pure 
breeding t3rpes have been extracted from these FgS for earliness and lateness and 
those that have been grown on the station for three or four seasons give a clear 
difference of about 12-14 days in their flowering duration, irrespective of the season. 
The average flowering durations of the extracted early and late types are 99 and 118 
days. While the early type corresponds to the late parent in duration, the extract- 
ed late type is much later in duration than the late parent. 

The results can be explained with the help of two factors and Eg controlling 
earliness. Each of the parents that went into the cross should be assumed to con- 
tain one of these factors. The absence of both the factors should make a type have 
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a flowering duration later than the late parent and the presence of both the factors 
should give a type earlier in duration than the early type. 

T. 310 ... . , , eieiE 2 E 2 early parent, 

T. 24 . . . . . . EjEiegea late parent. 

The would be giving the four types EiExEgEa, 

and 61616202 ^2* The two middle classes would correspond to the two parents, 

and of the two others one will be earlier than the early parent and the other will be 
later than the late parent. If the F4 selections, 6283-85, are taken to have been of 
the constitution Eieie2e2 these would give three EiEjegeg to one 61616262. Since 
EiEiOgOg is the constitution of the late parent, the three would correspond to the 
duration of the late parent and the one 61616262 would be later than the late parent, 
which is exactly what happened. The factorial interpretation offered thus falls in 
line with the actual results obtained. Plate XXVII, fig. 2 shows the two parents 
and the extracted types from the F4S. 

2. Cross T. 24XT. 33, 

The parents are both of very nearly the same duration as shown below. The Fi 
was earlier than the two parents and in Fg there was transgressive variation exceed- 
ing the parental limits on either side. 


1st year- 



Period of 

Mean flowering 


flowering 

duration 


(days) 

(days) 

T. 24 parent 


96 

T.33 „ 


96 

Pi 


89 

T. 24 parent 

96-102 

99 

T. 33 „ 

98-104 

101 


84-114 

99 


2nd year- 


The Fa flowering distribution approaches a normal curve (Fig. 6) and would 
seem to indicate that flowering duration is in this case controlled by multiple fac- 
tors. The parents, though of the same duration, must have been difierent consti- 
tutionally for the factors controlling duration. The Fg selections were not studied 
individually for flowering duration, but they exhibited a wide range in duration, 
94-116 days. As a result of further work done in this groxip for quite a different 
purpose, pure types have been extracted with average durations exceeding those of 
the parents. This cross again illustrates quite clearly that flowering duration is 
controlled by multiple factors, 






392 


IHDIAN JOXJENAL OF AGEICULTUBAL SCIEKCE 


[ III, HI. 




Fig. 6. 

There have been several similar cases where the two parents have been nearly 
of the same durations, while the FgS had given tiansgressive variations exceeding 
the parental limits on either side. As instances of these, a few are mentioned im 
Table VII. 


Table VII. 


Mean flowering duration and ferwd of flouenng of the parents with their F^s and F^ 

showing transgressive variation. 


No. 

Cross 

Mean bubation (bays) 

Period OF ELOWEiirsG (days) 

Parent 


Parent 

Parent 


Parent 

1 

T. 47x1.103 

110 

96 

105 

102-118 

84-128 

100-108 


Mean duration of Fn 


* « 



103 


2 

T.47xT. 103 

105 

96 

104 

102-114 

82-126 

10^108 


Mean duration of Fg 





101 


3 

T,186xT. 1 

ii8 

il2 

ii2 

13^125 

97-141 

107-119 


Mean duration of g 





113 


4 

T. IxT. 92 

113 

il2 

io7 

lOH-iao 

90-130 

102-116 


Mean duration of 

■ • 


• • 


no 


5 

T. 97xT. 87 

114 1 

307 

105 

108-122 

90-128 

98-114 


Mean duration of 




* • 

m 


6 

T. IxT. 1880 

113 

109 

105 

108-120 

82-138 

98-114 


Mean duration of Fg 





in 

•• 
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In almost all these crosses, although the families were not studied individually for 
flowering duration beyond the F^s, pure breeding types have been extracted from 
several of such crosses, some of which are of the same duration as the parents, 
while others are definitely earlier to or later than either parent. All these oases 
exhibit the characteristic of multiple factor inheritance. 

2. Gross 1\ 24xT. 282. 

T. 282 is a special variety obtained from Burma with a dwarf habit. The cross 
was intended to confirm the results previously obtained about the inheritance of 
the dwarf habit. The study of inheritance of flowering duration came in inci- 
dentally. The main results concerning this character are as follows 


Period of Mean 
flowering duration 

(days) (days) 

let year parent . . . . . . . ... 96 

T.282 „ . ... . . . . .. 108 

Fi . . . . . . . . . .. 100 

2nd year T.24 parent . . . . . . . . 98-102 100 

T.282 „ . . . . . . . . 104-118 110 

3980 Pa . . . . . . . . 96-118 103 


The flowering duration of the is not strictly intermediate but inclined more 
towards the early parent. The mean d uration of the F 2 is also about intermediate 
slightly inclined towards the early parent. 



Flowering duration— days. 
Fig. 7* 
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The Fa frequency plotted in Fig. 7 is lop-sided towards the early parent and 
there is no indication of any break. The inheritance is not apparently simple. The 
large number of selections grown as Fg were not studied for the flowering duration, 
but the frequencies of the parental classes in the Fg would seem to indicate that 
the number of factors involved cannot be more than three. There is no definite 
transgressive variation in the Fg, the range just covering the two parental ranges. 

The nest two cases to be considered are rather complicated, the flowering 
duration being controlled by multiple factors but still conforming to a Mendelian 
interpretation. The cases 4 and 6 refer to 2 sets of crosses done on the station 
years ago for the study of the inheritance of rice colour. T. 102 is a variety 
obtained from Burma with several deeply pigmented vegetative parts and with 
black glutinous rice. This was crossed on to two other varieties T. 29 and T. 6, the 
former with ordinary red rice and the latter with ordinary white rice. 

i. Cross T. 102xT. 29. 

The average flowering duration of the parents were 101 and 92 days respect- 
ively. Since the cross was not primarily designed for the study of the flowering 
duration, the character was not noted in Fj and Fg. Some of the FgS were found 
to segregate for duration. The segregation was very definite in that the flowering 
was in 2 flushes with an interval, and plants could be easily counted into earlies and 
lates by eye judgment. The separation into earlies and lates in this cross as well as 
in the one to follow was made all the more easy on accoimt of a high correlation 
between this character, duration, and another easily made-out quantitative 
character, namely, height of plant. The early plants were all short and the late 
plants were all tall. This point is discussed in detail in a subsequent article 
[Kamiah, 1933,1]. Simple counts of early and short plants and late and tall plants 
in two Fg families, 2496 and 2509, gave the following ratios : — 

Early short Late tall 

2496 . ... . . . - . . . 83 30 

2609 ... . . . .... , 26 9 

109 39 

THs ratio undoubtedly represents a 3 : 1. A large number of selections in eacli 
of these, 70 in the former and 29 in the latter, covering both the early and late 
groups, were carried forward and an F* raised therefrom. Their behaviour was 


as below 


Pure 

Splitting into 

Pure 


early 

early and late 

late 

2496 gram 

50 early selections , , . . , 

15 

35 


20 late „ . , . , • . 

* • ■ 


All pure late 

2609 group 

21 early selections . . . - • . 

8 

13 


8 late „ ' * t m 0 fi- 

23 

48 

^ All pure late 

m ' 


Firequeneies 
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Frequency biSTRiBurioN op PLOWEniNe duration 

OF Kv 2889 or T29X TI02 



90 100 X'lo tX5' 1^0 '^9 ' ' ,t4« 

Flowering duration—- days. 


The behaviour of the P^s thus confirmed the Pg results, that earliness was a 
simple dominaBt to lateness. The average duration of Pg families was found to 
vary from 89 to 112 days of which the average durations of 2496 and 2609 had been 
noted as 89 and 93 days respectively. Evidently both belonged to the early group 
and hence were heterozygous for the character, flowering duration. The fre<][uencies 
of all the splitting families gave a bimodal curve with a clear break in the middle. 
Pig. 8 represents the curve of a typical splitting family, and Tables Till a/Ud IX 
give the complete data regarding the two groups. The 48 segregating families 
together gave 5677 earlies and 1963 iates, a very close 3 : 1 ratio. 
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Table 'VIIl. 



I'loweriny data oj families of cross T. 29''/.. I'. 102, 2496 ywit/y. 


Family 

number 


■PUEE EARLIES 

Splittinq into Earlti 
Lates 

ES AND 

Pure lates 

Oliaracter - 
of parent 

Period of 
flowering 
(days) 

Mean 

duration 

(days) 

Period of 
flowering 
(days) 

Earlies 

Lates 

Period of 
flowering 
(days) 

Mean 

duration 

(days) 

2804 

Early 

83-98 

92 

• 


. . 

. . 

• • ■' 

2805 


83-98 

92 





. . 

2806 


94-106 

98 




* * 

' * * 

2807 


83-100 

93 





*■* 

2808 


83-98 

93 






2809 


87-101 

94 




. . 


2811 


90-102 

97 




• * 


2812 


91-108 

98 




. . 


2813 


83-97 

92 






2814 

>1 

90-106 

95 





" *:* 

2817 


94-108 

98 




. . 

* • 

2821 


91-100 

. . 





■ 

2830 


93-108 

100 





•• 

2849 


89-110 

97 




• • 

* • 

2853 

■ »» , 

94-108 

102 




• • 


2803 




93-123 

72 

34 

. . 

■ .. 

2810 




89-118 

123 

34 



2815 



« • 

92-117 

S3 

20 



2816 



■ ■ , , . ■ 

95-123 

71 

28 

. . 


2818 




9M18 

65 

25 



2819 




91-119 

81 

24 

« . 


2820 




90-118 

69 

26 


. . 

2822 




89-122 

149 

47 

• • ' 

* • " 

2823 




87-117 

83 

21 

* . ■ 

.. , 

2824 




93-128 

191 

61 

■ . . 


2825 




90-119 

77 

29 


. . ■ 

2826 




83-115 

78 

29 



2827 




91-120 

75 

30 

• • 


2828 

r» 

■ * 


89-122 

254 

81 



2829 

n 



94-120 

61 

28 


. . • 

2831 




104-129 

140 

58 


•• 

2832 




92-124 

75 

20 


• • 

2833 

19 



92-120 

71 

30 



2834 




89-119 

72 

31 



2835 

99 



83-118 

77 

25 



2836 

9> 



83-113 

85 

20 


. . „ 

2837 




89-121 

88 

18 



2838 




98-125 

183 

67 

. • 


2839 

99 



89-120 

182 

69 

■ . . 

. . 

2840 

f9 



94-123 

86 

23 



2841 

99 



91-125 

75 

30 



2842 

■ 99 



98-126 

73 

27 


. . 

2843 

99 



94-125 

83 

27 



2844 

99 



93-124 

104 

42 



2845 

99 



89-116 

78 

24 


. ■ ■ 

2847 

99 



92-125 

77 

25 


. . 

2848 

99 



94-123 

76 

22 


. . 

2850 

99 



83-122 

174 

65 


. . 

2851 

9$ 



98-126 

68 

28 


. . 

2852 

n 


•* 

98-128 

72 

31 

“ 

. . 
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Table Ylll—contd. 


Family 

number 

Character 
of parent 

PuivE BAELTES 

SrXilTTING 

INTO Eaeues and 

BATES 


Period of 
flowering 
(days ) 

Mean 

duration 

(days) 

Period of 
flowering 
(days) 

Earlies 

Labes 

Period of 
flowering 
(days) 

■ Mean : 
duration 
(days) 

2846 

Late 






110-124 

117 

2854 

9> 






112-128 

122 

2855 







106-122 

114 

2856 

if 






104-123 

113 

2857 

» 






105-122 

113 

2858 







106-121 

112 

2859 

9f 






109-124 

116 

2860 







110-124 

118 

2861 

>9 






108-128 

117 

2862 

99 






108-122 

115 

2863 

99 






113-126 

119 

2864 

ff 






110-127 

118 

2865 

» 






109-126 

117 

2866 

99 






110-128 

119 

2867 

99 






114-130 

121 

2868 

99 






108-124 

115 

2869 

99 






110-128 

118 

2870 







110-127 

118 

2871 







106-126 

114 

2872 







112-128 

120 


Total number in 

each group 15 35 20 


Total ratios of early to late in splitting families . . 3,471 1,199 

S E 

Caloulated 3; 1 . . . ... . S,50S-5 1,167-5 


Table IX. 

Flowering data of F^families of Gross T. 293xT. 1359, 2509 group. 


Family 

number 

Character 
of parent 

PtraE BARBIES 

Splittino 

Period of 
flowering 
(days) 

Mean 

duration 

(days) 

Period of 
flowering 
(days) 

2873 

Early 

90-102 

97 


2874 

>* 

88-108 

98 


2875 

i ' 

90-106 

96 


2878 

99 

94-112 

102 


2882 


93-107 

98 


2m 1 

99 

87-105 ' 

94 


2884 

99 

90-104 

97 


2887 


90-106 

97 



LATBS 


Earlies 


Latos 


Pure bates 


Period of 
flowering 
(days) 


Mean 

duration 

(days) 
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Table IX — conti. 


Family 

number 

Cbaractor 
of parent 

■PCEE EABLIIS 

SmTTIKG INTO EABLIES AND 
LATES 

PUBE LATES 

Period of 
flowering 
(days) 

Mean 

duration 

(days) 

Period of 
flowering 
(days) 

Earlies 

Lates 

Period of 
flowering 
(days) 

Mean 

duration 

(days) 

2876 

Early 



87-128 

62 

38 

tt * 


2877 




89-136 

81 

24 



2879 




90-138 

207 

63 



2880 




87-139 

384 

143 



2881 




91-137 

434 

116 

* . 


2886 




91-131 

76 

29 

. • 


2886 

99 



90-132 

87 

21 



2888 

99 



90-128 

372 

160 



2889 

99 



91-134 

194 

70 



2890 

99 



90-138 

78 

22 

. . . 


2891 

99 



90-124 

78 

31 

. • ' i 


2892 

99 



93-137 

84 

25 

• • 


2893 

99 



91-127 

73 

32 



2894 

Late 






118-144 

131 

2896 




• * 



117-137 

124 

2896 

99 1 

• • i 





131-143 

136 

2897 

99 



• . 



120-139 

126 

2898 

99 



. . 



118-129 

128 

2899 

99 



• • 



119-139 

130 

2900 

99 






132-152 

140 

2901 

99 

•• 





120-140 

130 


Total number in 

each group 8 13 


8 



Total ratios of early to late . . . . . . 2,209 764 7 .-» 

S E ^ ^ 

Calculated 3:1 2,2B0 743 

The average mean duration of the pure earlies of the two groups, 2496 and 
2609, is found to be 96 and 99 days respectively, both definitely below the mean of 
the early parent. Examining the mean duration of the pure lates in 2496 group, 
it is either the same as that of the late parent or definitely greater than the vsame. 
As regards 2509 group, the mean duration of the lates are all definitely very much 
in excess of the mean of the late parent. Comparing the ranges of the splitting 
families in the two groups, those of 2509 group have definitely wider range than those 
of 2496. In spite of the varying ranges in the two groups the simple segregation 
into earlies and lates is very definite in both the groups. It is quite possible 
that the two groups, though the same for the simple split, may be difierent in their 
genetic composition. This point will be considered later when the factorial inter- 
pretation is taken up. 
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5. OrossT.102xT. 6. 

The mean durations of the parents were 101 and 84 days, with a difference of 
about two weeks, T. 6 being the earlier. The has been noted to have been inter- 
mediate in duration between the two parents. No detailed studies were made in Pg 
regarding flowering durations. Fifteen selections made in one of the Fg families were 
studied for duration in I’a. As in the previous cross there was a definite segrega- 
tion into early and late in some of these, while others bred pure either for earliness 
or for lateness. Of the 15 selections, 5 were pure earlies, 3 were pure fates and 7 
gave both eaiiies and fates, in the proportion of 1 ; 3, the converse of the pre- 
vious cross. The data regarding these Fg families are given in Table X. 

Tabie X. 

Flowering dfda of the Ftf, and of T. 102xT. 6. 


SprjiTma into eamjces and 

LATES 


OL.«. ...» 

Serial ■ ter — ^ 

number of Period of Mean Period of 

parent flowering duration flowering Ear 
(days) (days) (days) 


Pubs latbs 



Early parent 
Late parent 


Calculated 1 ; 3 
84 
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The total ratios of earlics to lates give a fair 1 : 3 ratio. Examiaiag the 
ranges of pure earlies and pure lates in Fg, Fi, and PgS, we find that they all 
have a greater range and a higher mean duration than the parents. The ranges of 
the heterozygous families cover the combined ranges of the pure earlies and pure 
lates and go even a little beyond the plus extreme of the late parent. Fig. 9 
gives the frequencies of a typical splitting family. 



The results of the two crosses, 4 and 5 , above described may now be explained 
with the help of 3 Mendelian factors. Of the 3 parents involved in the 2 crosses 
T. 6 is very early, T. 102 slightly later. Let us assume that two factors and Eg 
control earliness slightly differing in effect and one factor controls lateness, and 
also El is dominant to Lj and Lj is dominant to E 2 . can thus have no effect 
when El is present, and Eg can have no effect when Lj is present. The parents can 
then be denoted by the formulse. 

T. 29— IiiLiEiEie 2 ej— medium early. 

T. 102 — ^LiLiCieiE^a— medium late. 

T. 6 — ^lilieieieaCj— very early. 
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The first cross T. 29 X T. 102 would thus be Lx^^iExEiegeaXliiLieieiEaEg and 
the cross T. 102xT. 6 would be IiiLi©ieiE2E2X 1x116x6x6262. Both the crosses would 
conform to a dihybrid ratio in the Fg. The genotypes of the Fg and their behaviour 
in F3 are outlined in Table XL 


Table XL 

Faeiorial inteffretaUon of the crosses T. 29xl\ 102 and T, 6 X T. 102* 
. T.29XT.102. 


T, 29 . 
T. 102 


fj genotypes 


I^LiEjEiEaEg 

LiLiEiEiE2e2 

LiLiEieiB2E2 
LjLxEiBxE^Bj 
LxLx 262 

LiLxexPiEjEa 

LxLx 0 i 6 xE 2 e 3 

1^1^1616x6362 


T.6 . 

T. 102 




Batio 

Character 

E3 behaviour 

1 

Early 

Pure early 

2 

>9 

All early 

2 


3 early to 1 late 

4 

39 

As Eg, 12 early : 4 late 

1 

99 

Pure early 

2 

99 

3 early to 1 late 

1 

Late 

Pure late 

2 


1 All late 

1 

99 

Pure late 


12 early : 4 late. 

T.BxT.m. 


yi^l%®262 


Eg genotypes 


Character 


Eo behaviour 


LxLxex6xE2E2 
Lxli6ieiE2E2 
Lx Iixex6xEg62 
hlll6i6iE2e2 
^1^161616263 

I*ill6i6i6a62 

JxUx^EgE, 

lili6i6iE2e2 

Illl6i6f0g62 


Pure late 
3 late to 1 early 
■ All late 

As Eg, 12 late : 4 early 
Pure late 
3 late : I early 
Pure early 
All early 
Pure early 
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The dominant earlies of T. 29xT. 102 may be either L^LiBiEiEaEa or 
LiLiEiEieaCj in constitution and it is quite possible there may be slight differences 
between the two. So also the lates may be either or IiiLieiejeaCa. 

It is quite likely that the latter may be later than the former, on account of 
the absence of Eg which should counteract the late factor L^. It was men- 
tioned before that in the two groups of the cross T. 102 x T. 29 some of the 
pure recessive lates of the 2496 group were like the late parent, while others were 
even later. If the 2496 family which gave rise to the selections had been of the 
composition of LiL^EjeiEgeg, of the lates resulting from it some would be 
LiIijeiejEgEg resembling the late parent in duration, others would be L^Lieiejegeg 
which would be later than the late parent. Similarly of the pure earlies resulting 
from this P3, a great number would be LiLiEiE^EgEg and a small number would be 
LiLjEjEiCgeg. The former on account of the presence of both the early factors 
could be earlier than the early parent while the latter would have just the same 
duration as the early parent. On the same principle, if the Pj family 2509 is taken 
to have been of the composition L^LiE^eiegeg, the earlies LiLiEjEieaeg, would be 
of tie same duration as tie early parent while the lates being would 

all be later than the late parent. Though both the FgS, 2496 and 2509 were taken 
as earlies, their constitution might have been and LiLiEjeie^eg 

respectively. 

Under the same reasoning in the cross T. 6xT. 102 the pure lates and the 
pure earlies will be different in composition. Since the families 2699-2714 are all 
FgS, the parent Fg should have been of the composition LiIieieiE2e2. This should 
give two kinds of pure earlies, a larger number of lilieie^EaEa and a smaller number 
of This may account for the absence of any pure early of the early 

parental duration (yAeiegeg). Nothing can be said about the pure lates as a 
sufficient number had not been grown. The F4, 3381 which gave rise to the F^s, 
4169-4180, should have been of the constitution Liliei%e2e2. The pure earlies 
from this would all be 111161616202 hence resemble the early parent in duration. 
The pure lates out of this would all be LiLi6ieie262 which onaccoimt of the absence 
of Eg would be later than the late parent, I^iI^iOieiEgEg. Thus all the observed facts 
fit in with the assumptions admirably. 

The results of these two crosses can be explained with the help of two factors 
also as below. L is a factor for lateness and I an inhibitory factor winch inhibits 
L and makes it early. L in the absence of I will be late and 1 whether L is present 
or not will be early. The three parents will then be represented by 
T. 29-~IL, early ; T; 102-~iL, late 
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Cross T. 29xT. 102 sliould give three IILL (early) to one iill (late). Similarly T. 
6 xT. 102 should give 3 iiLL (late) to one iill (early). Though this interpretation is 
much simpler, it cannot satisfactorily explain the occurrence of types earlier than 
the early parent and types later than the late parent. 

Since these crosses had proved very interesting both for their definite splits for 
flowering duration and for the markedly high positive correlation between the time 
of flowering and the height of plants, pure types of earlies and dates were 
extracted from the above sets of crosses with a view to cross them again, and these 
crosses are dealt with in a subsequent article [Bamiah, 1933, 2], 

6. OmssT.24 x T.280, 

T. 24 has been used in several of the crosses dealt with earlier and is one of the 
standard strains with a flowering duration of about 100 days under normal condi- 
tions, varying with different seasons according to the time of sowing. The flowering 
duration of T. 280 varies from 134 to 148 days. Unlike several other late varieties 
the ears do not all come out and finish in a flush but have a dragging characteristic. 
The difference in flowering time between the two varieties is about 6 weeks, the 
largest difference we have had in any of the crosses hitherto dealt with. 

The cross was first made on 3 plants, a, &, and c, in each of the parents. The 
F|S were grown along with the two parents on either side. The flowering duration 
of the parents and the F^^s are given below : — 



family 

number 

Mean flowering 
duration 
in days 

( 

'T.24 . ... . . 

.. 

102 

T. 24/a X T. 280/a \ 

T. 280 . . , . , . . 

■ , 

134 

1 

, , . , . , • 

2106 

109 

1 

T, 24 • • • » • • • 

. . 

101 

T. 24/b X T. 280/6 . ■< 

U?. 280 • , • • • • • 

1 

142 



2107 

116 


rT. 24 . . . • . . 

*• 

101 

T. 24/e X T. 280/c . . > 

\ t. 2B0 . . . • V • > 


137 


v.^1 * ‘ * * • V • 

2108 

109 
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The duiatioE of the Fj cannot strictly be said to be intermediate but is 
certainly more inclined towards the early parent indicating that the factors for 
eacliness may be predominating. A number of FgS was grown in the following 
season along with the parents. Among other characters studied in Fg, the flower- 
ing time of individual plants was recorded in 8 families, 6 out of Fj, 2107, and 2 out 
of Fi, 2108. It was observed that the FgS started flowering a week or two earlier 
than the early parent, T. 24, and continued the phase several weeks. There was a 
fairly rapid flush of flowering corresponding to the time of flowering of the early 
parent with the maximum frequency before the 4th week from the commencement. 
After this period, however, there was a gradual fall up to the 13th week correspond- 
ing to the flowering time of the late parent, T. 280. Beyond this there was no 
regular flow^ering at all, only stray plants putting forth just one head only without 
anv signs of the whole plant finishing the flowering phase. This went on for another 
3 or 4 weeks and after 18 weeks from the commencement of flowering, there were 
still a good number of plants in each family growing continuously without any sign 
of producing panicles. At the end of the season, these were topped and the stubbles 
retransplanted. These stubbles grew again but did not produce any earheads 
even during the 2nd season. This peculiarity was found to be a constant 
feature of all the Fg families. On careful examination of the frequencies it was 
found that the total of all the plants that finished flowering in the main flush, gave 
to the rest, the totals of a few stray indifferently flowering plants after the 13th 
week together with the absolutely non-flowering late ones, a good 15 ; 1 ratio. 
This ratio was quite definite in all the 8 Fg families (.Table XII). The flowering 
durations of the two parents are also indicated in the table. As was stated already 
the flowering period of T. 280, the late parent, was protracted extending to nearly 
3 weeks. Although the flowering of plants was recorded every day, the frequencies 
as given in Table XII and Fig. 10 are per week, obtained by adding up the daily 
records. No selections were made in any of the F.gS but in the following season, seed 
of two more F^ plants, which had been preserved in the previous season were sown 
to get confirmatory results about this flowering duration. To see whether the non- 
flowering lates would flower if the seeds were sown earlier, these FgS were sown 
quite a month in advance of the usual sowing time. The plants started flowering 
nearly a month earlier than in the previous season and e'ven here, the few lates 
which put forth stray heads together with the ' non-flowering lates make to 
the rest a 1 : 15 ratio (bottom of Table XII). On account of the very early 
sowing the parental durations did not conform to the general average, particularly 
in the case of the early variety T. 24. In spite of the difference in season it is 
found that the maximum frequency is on the 3rd week as in the case of the previous 
8 families. 
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Totals for all the 10 Ff families >= 1 12,741 
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Frequency- qistrisution of flowering duration 

2610 F2 OF T24. XT 260 



Flowering duration in weeks. 

Fig. 10. 

A large ntimber of selections, about TOO, were made in Fg family, 2723, and an 
F raised in the following season. Altlongli tbc F 3 results first appeared compli- 
cated and unintelligible, definite types of segregation could be made out as below. ^ 

(а) Families bebaving exactly libe 3i\, giving 16 : 1 of earlies and lates to 

very lates and non-flowering lates. ., o i +■ 

( б ) Families exhibiting the same hind of segregation as (o) but with 3 : 1 ratio 
instead of 15 : 1 as in the former. 

(c) A good number of families which did not throw any lates apparently pure 
for earliness. These were of three kinds (1) those having a smaller mean duration 
than T. 24, (2) those having mean duration alout the same or slightly greater than 
T. 24, and ( 3 ) those having mean duraticns definitely greater than T. 24. 

(d) Families having a range starting with that of the late parent and going 
very much beyond the same with a very large number of non-floweting lates, and 
this non-fiowering lates to the rest making a ratio of 3 : 1. 

(e) Families having a range starting beyond the fins extreme of the late parent 

and with almost all the plants remaining non-flowering. ^ _ 

From the fact that the F^ was very early, and in the Fg there was an indication 
of a 15: 1 ratio of earlies to lates and that the same is repeated in a good number 
of FgS, it is bigbly probable that tbe factors concerned in the inheritance of flowering 
duration in this cro^ cannot be too many. Probably only 3 factors are involved 
and, as is shown below, a tbiee-factor hypcthesis appear to agree with the results 
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obtained in F^s and P^s. Let ns assume that (1) Eg is a factor for earliness, ( 2 ) L2 
is a factor for lateness which by itself makes the plants extremely late and they do 
not flower normally, ( 3 ) E4 is another factor for making the non-flowering lates to 
flower, thus counteracting the effect of L2 though these flower very much later than 
the early parent, and ( 4 ) Eg is dominant to Lg and E4. With the above assumptions 
the two parents will have the formulae : — 

T. 24 early parent . EgE3e4e4l2l2. 

T. 280 late parent . e3e3E4E4L2li2. 

For purposes of description the families which are all definitely earlier than the 
lata parent will be termed earlies, those that are of the same duration as T. 280 as 
lates, those that are later than T. 280 but still flower irregularly as very lates, 
and those that do not flower at all as non-flowering lates. As per the formulae 
suggested above, the F4 would be E3e3E4e4L2l2. The FgS should conform to a tri- 
hyhrid ratio. Table XIII which gives the constitutions of the Fg types and their 
Fg behaviour agree fairly with the expectations. For such a complicated character 
as flowering duration which varies from season to season due to environment, even 
with the assumption of 3 factors, it should be very dif&cult to make an accurate 
classification of the Fg types. It is likely that all the possible genotypes were not 
represented in the 100 F3 families studied and there were also a few whose behaviour 
did not strictly conform to the interpretation suggested. 


Table XIII. 

Factorial interftelaiion of Gross T, 24 X T. 280 . 


Genotypes 


BaesEiBiLjI'a 

E3B3E4e4L2l'3 

B,BaE4E4Ua 

E 3 E 3 E 4 e 4 LA 

B3e3E4E4t'2l2 

^ 868 ^) 4631^8 

EaBAEM 

B3E8E4e4l2l2 

BsesEiEjjU 


T. 24 
T. 280 


Batio 

Character 

1 

Early 

2 


2 

99 

2 

99 

4 

*9 

4 

99 

4 

99 

8 

99 

1 

99 

, 2 ■ 

99 

2 

99 


e3e3E4E4L2L2. 


Pure early 

Early to late varying up to tlio duration of 
T. 280 
Pure early 

Early -f- late : non-flowering late = 15 t 1 
Pure earlies, varying, none reaoliing the 
duration of T. 280 

Mostly earlies and some lates like T. 280 
As Eg 
Pure eaily 

Earlies of varying duration 






INMAN JOUBNAL OF AGBlCULTnEAL SCIENCE 


[III, III. 




INHERITANCE OF FLOWERINO DURATION IN RICE 


40S 


obtained by Imerson and East [1913] in maize. Althougli the number of types 
similar to the early parent, 19 out of 1,167 would very roughly correspond to a 
trihybrid ratio, the fact that not a single type corresponding to the late parent was 
obtained probably indicates that the number of factors concerned must be more 
than 3. 



Flowerijig duration— days. 

Fig. 11. 

VI Summary. 

The flowering duration of rices varies enormously according to the variety from 
as low a figure as 60 days to as high a figure as 180 days. Some of the envirom 
mental conditions that influence the flowering duration are the time of sowing, 
the spacing given to the plants and the fertility of the transplant field. Though 
influenced by such environmental conditions, it has been possible to trace its 
inheritance in a number of crosses where the two parents had been grown side by 
side with the oflspring of the crosses every season to get comparable results. 

The studies have shown that the inheritance of this important character may 
be quite simple in some cases showing a single factor diflerence between earliness 
and lateness, and rather complicated in others which could only be explained under 
the multiple-factor hypothesis. There must be several genetic factors concerned 


M 


^ tmm JOTONAI, OJ A(iEtOULTXJBAi SOtENGB [Itl, lit. 

la the mberiteaoe of floweriag ITnZh^ZhZL 

iu them either a few j^termedi^^^ between the parents, and 

involved is great, the i PP_ • :,.■ ^ or ^ variation within the parental 

I 2 , we either get a recovered. Varieties that have the same 

limits and the parenta ^ ^ factorial composition with regard bo this 

flowering duration may still differ in ^ ^,de between 

boa e» er ood k,o, a.u th. pmnt,. As rogasds earimes, sod Wenes. 
el toe»? «n.,.lly tand to b, domimbt sod a «Bgle case has been xsoo Ad 
wto Mritass was a .ecessive, Rom several crosses drsonss^d m th.s art.de, 
w»ld w-pear that ii snffldent nnmbsr oi generations ate raised, .t >» P»s»Uc 
to trace tirfahraiitance o{ the character and to interpret the resnlts on Mendeha.. 

hypothesis and also determine the number of factors involved. 
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I. iNTJEtODUOTION. 

The height of plant varies considerably in different varieties of rices. Among 
the pure line collections at the Paddy Breeding Station, Coimbatore; tliere are 
varieties with as short a height as 30 inches, and others as tall as TO inclies with all 
intermediate sizes (Plate XXVIll, fig. 1), The long-duration varieties are generally 
taller than those of a shorter duration With a few exceptions. The ^h the 

plant depends upon the number of interuodcp and their magnitude. Though the 
ultimate height of a plant is subject to envirojimental and seasonal influences, from 
observations made on nearly 300 pure lines over several years, it is found that it is 
fairly constant from year to year. One great factor that affects the height of plant 
is, as in the case of flowering duration, the time of sowing. A variety' that is sown 
very early in the season has the longest . period of development and hence attains 
also the maximum height. As the plantings are delayed, the duration of the crop 
is proportionately reduced, and consequently the ultimate height of the plant is 

4:11 


■ 






!*■ 


iHDIAN JOURNAL OF AORICULTURAL SCtENCU 


r m, II!. 


also reduced. In illustration of this the average heights of plants in T. 24 sown at 
different times in a season are given below 



Average height 

Sowing time 

of plant in 


inches 

July 

48 

August 

43 

September 

42 

October 

39 

November 

40 

December 

39 

January 

36 


There is little difierence in height between varieties in the very early stages. 
The growth is continuous and reaches the maximum just when the plants are in the 
reproductive phase. The short-duration varieties, wliich do not generally attain 
a great height, grow much more rapidly than the late varieties and reach their 
maximum soon. On the other hand, the growth in the late varieties is continuous 
though slow in the beginning, and gets more and more rapid as the plants 
advance in age. There is no increase in height after the earheads are formed 
[Ramiah, 1926]. The height records are usually taken when the earheads are 
ripening and when tlie straw is just beginning to turn yellow. Each plant is held 
vertically with all the tillers gathered together and then a, long scale with two-inch 
divisions is held close to the plant, the height being recorded as that point on the 
scale where the majority of the heads end. If the height is measured after the 
plants are dead ripe, there is a slight reduction from the maximum height due to 
the shrinkage of the straw below. If a fair number of plaiits are measured in any 
pure line, there is found to be a certain amount of variation, bnt the difference 
between the shortest and the tallest is never more than a foot in any case. The 
height of plants has been studied incidentally in several crosses which have been 
intended for the study of other characters. The present paper brings together all 
the recorded results in the station so far, about the iaheritance of plant height. 
It will be seen from what follows that there have been some very simple cases, as 
well as cases where the character is complicated due in all probability to tlie 
interaction of the several Men delian factors. 

IL Discussion OF literature. 

Freeman [1919] had studied the inheritance of height in wheat and found that 
the factors for height were not uniform in Fg plants. He thinks that recombina- 
tion had occurred, so that, on the average tall plants gave rise to tall offspring 
and the grading of the parents into a series of ascending heights resulted in a 
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sliglitly less iBarkedj but still regularly asceudiag series of oftspring groups. The 
conipleteness of tlie series indicated that the number of factors was large. He 
concluded that all factors observed in the inheritance of height in wheat crosses 
are in harmony with the hypothesis of segregation of a number of simple Mendelian 
unit characters. 

Emerson and East [1913] studied the inheritance of height in maizie. Out of 
4 crosses they made, the was as tall as the tall parent in three cases and in the 
fourth it was considerably ialler than the mean of the tovo parents. They think 
that this tallness was not ascribable to its being dominant but rather to increased 
vigour due to heterosis. They foimd that all the Fg fraternities overlapped in 
height the inner extremes of the parents. Most of them had a range from near the 
mean height of one parent to the mean height of the other parent and in one cross 
the Fg ranged froni the of the short parent to the plus extreme oi 

the tall parent. The F^ families were very diverse in height and variability. 
Few F 3 families were as tall as the tall parent, though the latter was approached 
very closely in a few cases. In the case of some of the extreme Fg lots, the 
variability was sufficient to make it probable that types like the parents could be 
isolated in the next generation. Moreover certain F 3 families with heights 
variously intermediate between the parents had variahihties small enough to 
indicate the possibility of their breeding true to the heights. Tlieir results, then, 
generally conform to the multiple-factor hypothesis. 

Ikeno [1927] lias recorded that the of a cross between two rices generally 
approached in height the taller of tlie two parent plants though exceptions were 
not entirely excluded. In one case the height of the F^ was intermediate between 
the two parents and tlie F 2 gave high, medium and low' plants in the ratio of 
1 : 2 : 1 . He states that in general the inheritance of height in rice does not 
appear to be simple. 

III. Matebxal and methods of study. 



Segregation for height of plants in any particular family is easily made out 
by sight. Apart from the influence of wider spacing, or an extremely fertile patch 
at any one point which both influence height of plants growing at that point, the 
genetic variation is clearly made out from the random distribution of tall and 
short plants througliout the plot. Fig. 1 represents the height frequencies of 
two families. Both are apparently normal curves, but in one the variation is within 
a foot whereas ill the other it is about 30 inches. Evidently the one that shows 
the minimum variation is genetically pure for the height character while the other 
is not. In contrast to the above two, Fig. 2 , giving the height frequencies of an Fg 
family, No. 604, may be considered. There is apparently a simple dominance of 



414 IKDIAH JOtJENAL OV AGEICTILTUEAL SCIENCE [ 111, Ht 

, i- „ +0V0T, nn pitlier side of tlie minxmutti 

talluess to ® Tnumber of selections tad been made in tMs 

frequency point are not definite. A n ^ ^ Thougb actual beigiit 

family for quite made in F3 simple observa- 

measurements of indmd a p _ Venaviour of tbe character in each of the 
tions had been recorded ® i; ^nnii F family were known, it was found 

tomes. Sbc. a. P«atal ie^hts ot \ „ Lta woee aU pure tor ekort 
tut seUction. rtiUigMe ’“J-f “ “L pur. for tell Uight. 

Uight, aud selootiom meesnti g _ 

to?™ ’ole»lr 

formed a simple pair of allelomorphs in this cross. 



Frequency distribution of plant heismt of 
TWO Fa FAWIHE5 


Genct«cally pure fop height 
. NOT PURE 


2 4' 


4 6 6 2 4 

Height ill mobes. 

Mg. 1. 


6 6 70 ^ 



Freqaencies 


UfaSEifAUfCE of SEIOat Of flANlS m RIdB 
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Frequency qistribution of plant height of an Fz 
FAMILY 604 segregating FOR HEIGHT 



Fig. 2. 



IV. Discussion of definite crosses involving height iNaBRiTANOE. 


1. T. 24xT, 282 {a dwarf variety). 

Parnell [1922] has described a definite case of dwarfness being a simple re- 
cessive to tallness. In iihis particular case besides the stature of the plant, all 
the characters of the dwarf parent, its short and compact ear, its broad leaves, its 
round shape of grain/ etc., were all coming out together. This result was first 
obtained from a tall natural hybrid observed in the plot of the dwarf variety. 
To get confirmatory results of this behaviour an artificial cross was made between 
the dwarf variety and No. 24. The exhibited the almost complete dominance of 
tallness (Plate XXVIII, fig. 2). The height measurement data are given in Table I 
and the same graphically represented in Eig. 3. The height frequencies give a 
de fi nite bimodal curve, the ratio between the tails and shorts being, 2029:437. 
Although the Eg segregation was clearly a unifactorial split, the ratio between the 
tall and short is far out of a 3 : 1 ratio. Eifby-foar selections were made from this 
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Eg, 34 from the tall group with varying heights and 20 from the short group and 
grown as Eg. Out of the 34 tails, 9 families bred pure for tallness though with 
varying mean heights and the other 25 gave tails and shorts again just like the 
'E.j.. The total number of tails and shorts for the 25 splitting families were ; — 


Tatis 


Silort'S 


3,484 1,229 


The above ratio is not far out of a 3 : 1 ratio. There does not seem to be any 
difference in height between the homozygous and the heterozygous families. There 
is no sort of correlation between the Fg parental height and the Fg behaviour. 

The 20 short selections all bred pure for shortness though with different mean 
heights. Even in the splitting families the mean heights of the several tall and 
short groups are different. Comparing the height range in the Fg with those of the 
two parents, it will be seen that the two parents do not overlap each other, but in 
the case of the Fo distribution, although there is a definite indication of a break 
with a miniinum frequency, there is‘ overlapping of the shorts and tails in height. 
The mean heights of the pure tails in the Fg vary from 44*2 to 61*6 inches ; only 
one out of the niiie pure tails has a height equal to that of the tall parent, while all 
the rest have a, height definitely greater. The differences in the mean heights of 
pure tails cannot l)e due to mere fluctaiation as they are ail very significant in terms 
of the standard error. The segregation of the FgS is much sharper in that there is 
a definite break in the height frequencies of the tails a/ul shoiCs, and the t\vo 
frequencies never overlap as in the case of the Fg. I'he frequencies on either side 
of the break or minimum frequency class give a good 1 : 3 ratio of sliort to tall. It 
is aiso seen from the table that in the splitting families there is a certain amount of 
uniformity in heiglit between the tall group and the short gr(3up, their means vary- 
ing together. 
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FRSaUEMCV DISTRIBUTION OR 



Some further selections had been made from two of the ¥3 fannlies, 4883 and 
4886 and an raised. Family 4883 was one of the pure tails with a mean height 
of 61-6 inches. Six selections from this varied in height from 59 to ® 

that they were all true to their parent. Of the 30 selections, all >al plants >0 

family 4886 which was one of the splitting families with mean height of the tall group 
TiS^ inches, 13 were pure for tallness while the other 17 gave short and td 
nlants. Simple counts of taUs and shorts in the 17 families gave a total ol 
1292 shorts and 3807 tails which is a very good 1 : 3 ratio. The ^ " 

of the pure tails varied from 44 to 60 inches. In the splitting families the average 

hei^t of the tail group varied from 43 to 49 inches and that of the s or gro p 

from 37 to 30 inches. 


inheeitanck of height of plants in bice 
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Table II, 


Bekiils of measurements of F^s of T. 24xT. 282. 


Splitting into 

SHORTS AND 
TAILS 


Eatios of shorts 

TO TAILS 


Fg Mean height 

family of Fg 

number (inches) 


tails mean 


selections 


(inches) (inches) 
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Table II gives the details of the height' segregating 

ratios in P 4 . - Although the simple nature of the shortness to tallness is established, 
the obtaining oi pure Weeding tails and shorti witli varyln mean heights beyond 
th(^ jiareutal means indicate, that besides the main Factor there may be minor factors 
inihiencing heights . ..Only a, few families corresponding to the parental characteis 
are recx.vercd in the Fs. tlio maiority of them difering from them (Plate XXIX). 
TIic case.is analogous to the height inheritance studies conducted in .hcans 
{J?inerson). While the indetcrniinatc and determinate growth lyjies were found to 
a simple pair of Mendelian allelomorpjhs, various pure breeding types of bush 
and tall bcians W'ith intermediate mean heights were obtained which he tried to 
cxplaiu on tlie hypothesis, that besides the main factor responsible for the prole and 
hush Ireans, th.e.re were two other .ininor factors influencing height. The assumprtion 
of two such factor's would probably explain the inheritance of height in this case as 

well. ■ ' " ' ' ' , ^ 


2 . 'Cross T. 24 x T. 280 . 


This pait.hudar cross was dealt with hr detail in an earlier papier [Ramiah, 
19i53. ] in : connection with tlie inheritarico of flowering (luratiou. The mean heights 
of the paronts and the Fjs inithe three sets of crosses are given below 


T. 24/a 
; T. 280/a 

: -'I'V 

. T.24/6: 

! T. 280/6, 

:T. 24/c i 

i ’p.'iso/oi 

■ 1 - 1 
'1 - 

■ i' \ h';, 


Mean height 
in inches 


tbesie OTOsWs, is almost the same as 

'>.th.0..tgll iprarent irldioatirag; thati th^ j.factors -for tallness are predominating in this 
. ■ 'Cr’EfeSv ‘ ■ 'll - _ 




■ I- ■' ^ 


“ "W 



Short types. m noo 

•Extracted types from the cross T. 24:X 
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Table in gives (1. details about tie height fie<lueMIes o a few typieal F, 
families torn the above cess. In ever, case the vapation m t,»sgress.ve 
CS. The .emge. of the two patent, ate quite dastmet m ihat they do no 
ovSlap no, even toua^eaoh other. There is no indtaton of any bred, n the 
height frequencies of the Fa indicating that the number of facto, s conned mmt 
be fairly tage. The means of the F# are about intermediate between the parents. 

That the height of the are 
to those of the tail parent and those of the l^s are 

partly accounted for by heterosis which can have the maximum effect only m 

LoLnately no individual measurement of plant heighi was done m :Fs ^lon ■ 
Of the several selections that' were carried on up to ,or for other studie. , 

types have been obtained with varying mean heights, some with even a shorter 
height than the short parent, some with intermediate height, and others ^ 

even taller than the tall parent. The results would; seem to indicate that plant 
height ' in this cross was controlled by several factors. Tlie case o another cross 

where also transgressive variation for height of plants was evidenUn may he 
mentioned. Hate XXX, Fig. 1 gives the two parents involved in this cross and 
the two extracted types with heights different from those of the parents. 

^ FReaOENCY DISTRIBUTION OF PLANT HEM5HT 

OF AN Fj FAMILY 2723 from THE CROSS Ta4 xT8aO 


Heigilt in inches, : 

ilg- 4. 
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3. Cross T. MxT. 310. 

Th. mlioritaiioe oi lowering aniation in tlfa cioea wee atawed eatliet 
rw Mgs 11 Tte average heighte of tbe two patente over n eerie, of yeais 

and 37 inches reepeetively. The height, of the I. f # and 
have tie teloetion. fte deflmte split for height wa. 

’'••iTen Xtight wae oorralated with the lowering dnration in that the 

tf-te^SeS-lratioof earliee to late, obtained in thi. gionp (namely 1.190 

‘““Vt lle. appUe. to the height «gregation .a weU. In three I. f^^ 
' w ftfs - i ratio, were obtained, the two gronp., taUe »d .horte, were delntt. 
"'nwLvoveip withaoleardiaerenoeof abont 8 inohe. between the mean 
r m of ftl S gronpe. In another F. family, 6282, there w«. no ap^nt 
.ligation for the oharaeter, the fregnenciea giving^ a contmnons range o elg 
from 36 to 56 inches, exliihiting transgressive variation. 

Table IV. 
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witSout either H. or ^ et Mt number 5282 wan in nil 

H, end H. will b, ehorte than both the ™Uili.s that give a 

probnbfflty of *« H. W, 'omp^bon H the oto t jj, 

simpleeplitof Aortennata^ arertento be H A^^^ ^ J 

giveSHAhAtoonehAhaha- h hhh is a new one 

? 24 the slightly taller of the two parents. Ihc f % W A new one 

which on account of the absence of both H, and H, is taller than 1. 24, H.H.hA- 


4. Cross T.29XT.102. 

Thie and the nert croee. T. 6xT. 102, have already be» dealt with m grert 

detail in connection mth the inheritance of iorrering duration [Kamiah Mo, 1], In 
ta LT^iee there wa, a very definit. -poeitive correlation tatween plan 
hSit and Twering duration. This correlation i. dealt vdth rn a eubs.,uen 
3e iamiah. ml 2], The average height of^ the two J 7“j‘ 

years have been noted as « and 48 inches respectiveiy. The >“7* 7*?*^ j 
Lt been noted, nor was that of the F. plants except a mention ‘’'““7 “Si 
the plants were varying in F,. Some of the F, seleet.ons were ^ 

for Light. In two such families the heights of plants 7“ 

The he^t frequencies of those two families are given in Table Y, and have been 

plotted in Kg. 5. 

Table V. 

Height frequencies of 2FzfamiUes in T. 29xT. 102. 


family 

number 


Height ebeqhbnoies (inches) 


Ratio oe shorts 

TO TAIiLS 


" 44 1 46 48 1 so 1 52 64 ] 56 j 58 60 | 62 j 64 j 66 | 68 Shorts Tails 

' L — 1 — : — : — — — I — - . 


1 S 4 14 22 17 15 4 10 7 11 


2509 1 


2 2 2 10 9 


3 2 I 1 


Parents . 


(A ^ 

q) 

'0 9 

c ■ 

o* iO 


INSEttlMCE OF HEIOHT OF PLANTS m EICB 


FREQaENCY OISTRiBUTlON OF PUANT HErGHT OF TWO Fj FAMILIES 24S>6 ^ £>09 
FROM THE CROSS T29XT102 SEOREGATINO -hto SHORT ahi^ TALL 


V \ 2509 


4 6 8 50 2 4 6 e 60 2 4 6 S TfO 

HeigM in inches. 


In both the families the ranges start from just below the mean height of the 
two parents and there is a very marked increase beyond the plus side of the paren- 
tal heights. Both the families exhibit a minimum frequency class or a break in 
the middle at 66 inches, and the totals of the frequencies on either side of this 
minimum point give a clear ratio of 3 : 1, shorts to tails. The mean heights of the 
two original parents that had been grown along with the F4S were T. 29, 46*5 in. 
and T. 102, 47*0 in. A large number of selections were made in each of the two 
families, 2496 and 2509 covering the whole range of heights. 

2496 group.— Out oi the 61 selections in this family with heights on the minus 
side of the minimum frequency class, 17 were pure for short height, while 33 split 
and gave shorts and tails and one was pure tall. Evidently there has been a mis- 
take about the measurements regarding this last family breeding pure for tallness* 
The 19 selections taken to the right of the minimum frequency class all bred true 
for tallness. The mean heights of the pure shorts were not all the same. They 
varied from 44*5 to 50*6 inches. Tliis variation might be simply due to the 
different earlies l>eing different in their genetic constitution as was explained in 
the case of flowering duration. As will be seen in Table VI giving the full details 
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slouttU. group and tut ot 2609. the .elections Kt the left ertreioe oi the range 

La pur. tor shortn.® indicating that the heteroeygons ponp has a greater mean 
height than the bomoaygone Bhorle. the mean heighte ot the ephttog f. ml.es are 
all above 50 in. and the m».n height, of the pore tall, varied torn 67 to 63 inches. 


Tabue VI. 


HdgU data in FJamilies of T. 29xT. 102. 


BmB SHORTS 


SmTTINO 

FAMILIES 


FtTRB TALES 


Family Farontal Mean, 

aumber height (inohos) Banco Moan height Eange height 

(inches) (inches) (inches) (inches) (inches) 


2496 Group 



rNflE&IfAfSfOi! OE HEIGHT OE EEAETS IH EICE 


427 


Table VI — conid. 


Family 

number 


PXJEK SHOETS 

SPLiTTiira 

PAMTLIES 

PUEB TAELS 

Parental 
height (inches) 

Range 

(inches) 

Mean height 
(inches) 

Range 

(inches) 

Range 

(inches) 

Mean height 
(inches) 

S496 Group-^Gontd, 






2837 

52 



32-64 



2838 

52 



32-66 



2839 

52 



40-62 


• * 

2841 

54 



38-68 



2842 ■ 

■ 54 



42-66 



, '2843 ■ ■' 

54 



38-66 


• * 

2844 

54 ■ 



38-62 

,, , 


' 2S45, ' 

54 



36-62 

* • 


2847 

■ 54 



40-64 

. . 


2848 

54 



34-58 



2860 

, '64 



42-64 



2851 

66 



32-62 

, , 


2852 

66 



34-64 

•• 

„ 

2846 

64 




52-64 

■ 57*7 

2854 

58 



' * « 

52-66 

. 59*7 

2855 

58 



• • 

50-66 

„ 57.2 ' 

2856 

, 58 ■ 



■■ , , " 

50-(;6 

58*5' 

2857 

68 




50-66 

60-0 

2858 

68 



• * 

52-68 

61*5 

2859 

60 



• » 

54-66 

61*2 

2860 

60 




52-68 

60*7 

2861 

60 


• • 

« « 

52-66 

59*7 

2862 

60 



• * 

48-64 

55*2 

2863 

60 



« » 

50-68 

68*0 

2864 

62 



« « 

50-70 

61*0 

2865 

62 




54-72 

62*7 

2866 

62 




52-68 

58*2 

2867 

62 




48-66 

59*0 

2868 

62 




52-70 

61*8 

2869 

62 




54-68 

62*0 

2870 

62 




60-68 

63*6 

2871 

62 




50-66 

i 69*0 

2872 

62 




50-68 

1 59*8 

2 m 

Group 






2873 

,42' ' 

40-60 

45-0 




2874 

46 

40-50 

46*2 

i * 


. • ■ 

2^75 

46 

40-68 

44*3 



. . 

2878 

60 

42-54 

48*3 

* • 


. . 

2882 

52 ■ 

44-52 

47*2 




2883 

62 

42-52 

48*1 




2884 

52 

46-56 

61*4 




2886 

54 

46-64 

55*0 



„ ,■■ . . 

2887 

54 ■ 

46-56 

51*7 




2891 

54 

46-60 

51*4 



« . 

2893 

54; 

44-62 

61*6 

1 ■■ 


. . 
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Family 

mimber 


Parental 
I li eight (iuclios) 


PUBK SHOBT.'4 


Splitting 

FAMILIES 


Eango Moan height Bange 
(inches) (inches) (inches) 


PlXIlE' TALLS 


Range 

(inches) 


Mean 

height 

(inches) 


Total number of families in 
each group 

2496 Qroxqt 

^:609 Group 


2509 group—Ont of the 21 selections made in the short group 8 have bred pure 
for shortness and 13 have segregated, while the 9 selections taken in the tall group 
have all bred pure for tallness. 

In both the groups the mean heights of the pure tails varied slightly, and in no 
case it was less than 67 inches, a height considerably greater than the parental 
heights. The break in the height frequencies is not very definite in all the families. 
It was the definite high correlation between the flowering duration and plant height 
that made the classification very simple. The frequencies of a typical splitting 
family in each of the two groups ate given in Fig. 6. 
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FREaUENCY DISTRiaaTlON OF PLANT HEiOHT TN TWO 

FAM'lLiES. Zmb^nu 2.879 FROM THE CROSS 129X T IOA, 



The correlation between the flowering duration and plant height may be purely 
physiological, the same Mendelian factors governing both the characters or it may 
be that the factors are different, but are present linked in one group. The latter 
hypothesis appears to be the more probable, because this correlation was not in evi- 
dence in some crosses where there was definite segregation for plant height and 
where there was a considerable amount of variation in the flowering duration as 
well. For instance in the case of cross T. 24xT. 280 dealt with earlier in connec- 
tion with the height inheritance, there was a difference of over three weeks between 
the earliest and the latest plant in the F 2 , but still it was not in any way correlated 
with the height of plant wdrich behaved as a simple split. In fact there was even a 
small negative correlation between the plant height and flowering duration. 

6. Cross T,6,xT. 102, 

This cross continuous with the previous one also proved interesting from the 
point of view of height inheritance. The mean heights of the parents of this cross 
when grown along with the F^s were T. 6, 44*1 in. and T. 102, 48*9 in. 
i.c., the parent with a longer flowering duration has a greater mean height. The 
heights of the Fi and F^s were not noted. Some of the F^ families exhibited a 
definite segregation of shorts and tails. In all the splitting families the height 
frequencies when plotted exhibited a definite break in the middle, the total shorts 
to total tails being in the ratio of 1 : 3, just the converse oi the previous cross. 
The frequencies of two typical F^, one F^^ and 12 Fg families are given in Table VII. 





Frequencies 


IKHEBITANOE OP HEIGHT OP PLANTS IN RICE 


Of the 28 F 4 S and FgS studied, 9 were pure shorts, 15 gave both shorts and 
tails and 4 were pure tails. The frequencies of two Fs families are plotted in Fig. 7. 

pREaUENqV OlSTRIBOTIOM OF PLANT HEISHT IN TWO F 5 
.fcn. FAMILIES -4.I77 ANo <H78 FROM THE CROaa T lOa x Tfe 




Height in inches. 

Fig. 7. 

Unlike in the previous cross, T. 29 xT. 102 , it would seem difficult to separate 
the homozygous from the heterozygous tails from the parental heights. If either 
the same factors are responsible for both plant height and flowering duration, or 
if the factors are different but remain linked, the interpretation of inheritance of 
flowering duration dealt with in an earlier paper [Ramiah, 1933, 1] holds good here. 
Hj, Hg and are three factors controlling height each having a diflerential efiect 
on the heights of plants. Factors Hj, and Hg probably have about the same effect 
and are responsible for a medium height. Factor H., is responsible for a taller 
he ight than either or Hg. Hi is dominant to Hg and Hg is dominant to Hg. 

The three parents according to the above assumptions would be 
T.29 
T. 102 

T. 6 hi hi hj hs hj hj 

The cross T. 29 X T. 102 should give, in Fg, 12 shorts to 4 tails, and the cross 
T. G XT. 102 should give, in Fg, 12 tails to 4 shorts. This is what was actually 
obtained. The differential mean height of the pure shorts and pure tails are easily 
explained as due to their different genetic constitutions. 


, Vi' 

■ 
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It is BO doubt possible to interpret the results of these two crosses with the 
help of only two factors, one for tallness and the other an inhibitory factor, kit this 
cannot satisfactorily explain the occimence of types taller and shorter than either 
of the parents. The three parents involved in the two sets of crosses and the 
extracted short early and tall late types from each of the crosses are shown in 
Plate XXX, 1% 2. 

V. SUMMABY* 

The height of plant in rice is a genetic character and can be brought under 
the purview of Mendelian interpretation. There mnst be several factors controlling 
height of plants in rice and varieties should differ in the number and nature of 
such factors. By crossing varieties, growing the progeny for a number of 
generations and making selections from them, it would appear possible to get 
types with new sizes different from the parents. "When the number of factors 
influencing height is large, the interaction among them produces individuals which 
all conform to a normal distribution. Varieties exhibiting the same mean height 
may still differ in their composition of genetic factors controlling height. The 
shortness and tallness may foim a simple pair of allelomorphs as in the case of 
T. 24 xT. 282, or may be complicated as in the case of T. 24 xT. 280. Shortness 
may be a simple dominant to tallness or tallness may be a simple dominant to 
shortness. The behaviour of the F^s and FgS even in the complicated cases strictly 
conform to a Mendelian interpretation on a multiple-factor hypothesis. 

There is always a certain amount of variation in the character even among 
pure lines simply due to the fluctuation of the character resulting from environ- 
mental conditions. ![he parental types got out of crosses giving very simple 
segregation still exhibit a wider range of variation than the original parents, and 
they ace never identical with the parents with regard to their charaeters. It 
cannot be said definitely whether this is simply due to the genetic unstability 
induced by bringing together individuals of different genetic constitution and 
ultimate reduction to a homozygous condition, or whether it is due to minor factors 
wdnoh are hypostatic to the main factor and hence not made out easily. 

BEFEEBNOES. 

Emerson, E. A. (1916). Agric, Bxp. JStut, NehrasJca Res, Bull, 

Emerson, E. A. and East, E. M. (1913). Agric, Mxf, Biat Nelraska Mes^ Bull No. 2. 

Freeman, G. E. (1919). Genetics h 

Tkeno, S. (1927). Eibliographia Genetica III, 247. 

Parnell, F. E. (1922). Mem, Dept, Agric, Ind., Bat Series 11, 199. 

Eamiah, K, (1926). Madras Agric, J, 15, il. 

( 1933 , 1 ). ind, J, Agric, BcL 3, 377-410. 

(1933,2). 3, 433-45. 


GENETIC ASSOCIATION BETWEEN FLOWERING DURATION 
AND PLANT HEIGHT AND THEIR RELATIONSHIP 
TO OTHER CHARACTERS IN RICE 
(OEYZA SATI7A L.). 


K. EAMIAH, M.So., Dip. Agbi. (C^vntab.), L. A&., 

Paddy spedalial, Madras. 

(.KeooLved for publication on lOtli January 1933.) 

(With one text-fignre.) 

CONTE]Sra?S 


I. Association between pi. ant height and flowering duration . . 483 

IL Association OF plant height and flowering duration with quanti* 

TATiVE characters , . . . • • * , . . 487 

III. Association of plant height and flowering duration with morpho- 

logical CHARACTERS , . ... . . . . 489 

IV. Summary . , • . . - . ■ . ; ■ . . 445 

y. Beferences . • • ■. ■ ' ■ v, , 445 

I. Association BETWEEN plant height and flowering duration. 

The association existing between these tw^o characters has been established 
from the studies of the crosses T. 29xT. 102, T. 6xT. 102 and T. 24xT. 310 
dealt with in two previous papers [ Ramiah, 1933,1]. That the Mendelian factors 
responsible for the two characters might be difiereiit, but remain linked was also 
indicated in those studies. The existence of such definite correlation has been 
brought to light in the progenies of certain other crosses as well. Two examples 
of such an association are given below. In a cross between T. 1242 and T. 47 
done some years ago, there was no apparent segregation for either of the characters 
in tlie three Fg f^^niilies and tlie frequencies resembled a normal distribution. 
There was a diff ere nee of nearly 3 feet in plant height between t]\o shortest and 
tlie tallest, and there was very nearly a difference of six weeks in the flowering 
duratioj,! between the earliest and the latest. The behaviour of both the characters 
in the F^s conformed to the mulf.iple-factor types. The calculated correlation 
coefficients had a value of about +’7 which was very definite (Table I), 
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The existence of such positive correlation between the two characters is also 
brought out in the studies of the crosses made among the extracted types out of 
the two crosses T. 29 xT. 102 and T. 6xT. 102. This is dealt with ina separate 
paper [Ramiah, 1933, 2]. While the correlation is definitely po^aitive in several such 
independent cases, there are on record instances where the correlation between 
these two characters is also negative. In the cross T. 24 xT. 282 dealt with the 
inheritance, studies of plant height, [Ramiah, 1933, 1] the short parent was later in 
duration than the tall parent. The Fg gave a negative co-efiS.cient of — IS ± ‘01- 
Although this correlation is not very definite, there is an indication of the correlation 
being negative. Although in general the varieties of shorter durations are shorter 
in stature than varieties of longer duration, the association cannot be said to be abso- 
lute. Unless pure lines of different durations and different heights are studied 
individually for one or two seasons this point cannot be definitely proved. Pro- 
bably different varieties will difier in such an association according to the Mende- 
lian factors responsible for the characters present in them. It is found that long- 
duration varieties give a negative correlation between the two characters while 
early ones give a positive correlation. Why it should be so cannot very well be 
stated now without further studies bearing on the point. In the cross T. 24 x T. 280 
which was dealt with in connection with inheritance of flowering duration, two of 
the FgS were examined for the association of these two characters. There was an 
interval of nearly 18 weeks in the flowering durations of the earliest and the latest, 
and there were a good number of plants that did not flower even after 18 weeks. 
The correlation co-efficients between plant height and flowering duration in two of 
these FaS were Family 2723, -|-0’27rt '92-Family 2724, -t-0’19±*02 

For the purpose of calculating these co-efficients only plants that flowered up to 
the 14th or 16th week after the commencement were taken. From a critical examina- 
tion of the correlation tables of these families, it was seen that there was an indica- 
tion of a diagonal dispersion of frequencies from the left hand top quadrant to the 
right hand bottom one up to the middle, say, for about the first 8 or 9 weeks and 
there was a definite dispersion from the right side towards the left half. It would 
appear therefore that the correlation was positive in the early plants and negative in 
the late plants. , 

In the crosses, T. 29 X T. 102 and T. 6 xT. 102, which were giving pure short 
early types, pure taU late types and also segregating for the two types, the correla- 
tion co-efficients were worked out for some of the pure lots which are given below. 
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From the figures it is seen that the correlation is definitely negative in the pure lates 

and there is an indication of its being positive in the pure earlies. 



Family 

number 

Correlation 

eo-efficient 


Pare tall latcs 

2869 

— •293i*042 



2864 

■ ■■ .-*314±*032. 


Pure Bbort earlies 

2S60 




28715 




2812 




The short early and the tall late parents appear to have different nature of distri- 
butions. In the short early parent, the earliest to flower is tallest in height and in 
the tall late parent the earliest to flower is ^AorteHn height. This point will be 
dealt with more fully in a later paper [Eanxiah, 1933,2]. 

An indirect evidence to confirm this observation is obtained from the results 
recorded in one of the rice sub-stations at Maruteni [ Sreenivasan, 1928 ]. At this 
station a large number of single plant selections had been made to improve the yields 
of some of the important local varieties which are all fairly long in duration. The 
selections of each variety were planted separately with regular spacings and the 
average plant height and flowering duration of each selection noted. It was found 
that in all the varieties there was a definite negative correlation between plant 
height and flowering duration, the co-efiBcients varying from as low a figure as -—0*26 
to as high a figure as —0*62 which were all significant. 

It therefore appears reasonable to assume that the correlation between height 
and duration is positive in early lots and negative in late lots. Physiologically also 
such a phenomenon appears to be reasonable. In an early variety the plants have 
to rush through their development and naturally the ones that flower first would not 
have had time enough to reach their maximum height and hence must be shorter 
in stature than plants that have a slightly longer period for development. In a long 
duration variety however, there is a sufficiently long interval for the plants to deve- 
lop properly and hoiice those that flower earliest should be the most vigorous and 
show the maximum height, whereas those that flower later may be comparatively 
weaklings and hence do not attain the same height as the ones that flower earlier. 
This reasoning fits in with the observations recorded at Maxuteru that heavy yield- 
ing strains are generally obtained from the more vigorous, taller and earlier flower- 
ing plants. 


k 
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11. AsSOOIATION OF PLANT HEIGHT AND FLOWERING DUE ATION WITH OTHER 
QUANTITATIVE CHARACTERS. 

SoBie of lJi(Lotlier qiiaiitdtative also associated with plant 

lieight and flowering duration are (I) the emergence of the panicle, and (2) the length 
of the panicle. The height of plants is determined when the plants have put forth 
all their ears and the ears are nearly ripe. Consequently the length of the ear 
and its emergence should have an effect on plant height. The inheritance of 
these two characters, ear length, and ear emergence, have not been worked 
out completely, but there is enough evidence to indicate that they are Men- 
dehan characters controlled by multiple factors. Two of the Fg fstmilies of the 
cross T. 24 X T. 280 have been studied in great detail with regard to all these 
characters. Itegarcling csar length and ear emergence, T. 280 had a comparatively 
higher value than T. 24. The Fg gave a transgressive variation with individuals 
having both higher and smaller values than the two parents. The co-efficients of 
correlation worked out independently for all these characters in two F 2 families 
gave values as below :— 


Cliirrelation oo-efficionts 
between 

Family number' 
2723 

Family number 
■ 2124 : 

1. Height and duration 

, +-27±*0!9 

+-19±'21 

2. Height and ear emergence 

+•32 ±*017 

+*38±*018 

3. Height and length of ear 

•4- *49 -I- *015 

+*47+*0I6 

4. Duration and ear emergence 

— 46±-016 

— -45+ -017 

5. Duration and length of ear 

+-24.±-016 

+-19±-02 

0. Ear emergence and length of ear 

+•021 ±-019 

• 


All the co-efficients are positive except that between duration and emergence of 
ear. The co-efficients expressed above are the amounts of total correlations between 
any two variates. The four variates must have a certain amount of inter-relation- 
ship. The partial correlation between any two variates can be determined with the 
help of the standard formula [ Fisher, 1925 ]. 


The partial correlation between height and duration has been determined in 

Family 2723 eliminating the correlations between the other variates (T^ble 11). 

' ■ V . . . . F 
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Table IL 


Estimate of fattinl correlation, between height and duration eliminating other variates. 


Ko. 

Variates 

Dorrelation co-effioient 

Obtained from 

1 

Height of plant 

* • 


2 

Duration of plant 

* • 


Z 

Length of ear 


• • 


4 

; Kmorgence of ear 

1 (total) 

+0*27 





~f-0*49 

hz (^14 


hr* 

■ . ! 

^eliminating 4 

^18 (^14 hi) 



^13*4 ' 1 

hr* 

Vas— (rsi r^t) 


-hO‘28 


1 



“h0“42 


hru 

(eliminating 3 and 4) 

(1— (1— r®23.4) 


This partial correlation is found to be +'42, a much higher value than +-27 
obtained before. It is therefore certain that the correlations found directly between 
each pair of variates are not the true ones. The low value of the total correlation 
obtained between height and duration must therefore be due to the interaction 
of the other variates. The ear emergence directly contributes to the height 
of the plant and a late plant with potentialities of a greater height might give 
a lower value of height because of its poor emergence. The correlation between 
height and duration when the emergence alone is eliminated comes to +’49 a very 
much higher value than the total correlation, +’27. The correlation between ear 
length and ear emergence is practically nil, but it is quite possible that this may give a 
significant value when the other variates are eliminated. 

The existence of a negative correlation between ear emergence and flowering 
duration was also evident in the progenies of a natural hybrid from one of the pure 
lines, T. 100, which was segregating for flowering duration. Some of the Fj families 
were measured for ear emergence (which had been done individually for flowering 
duration) and the co-efficient of correlation was calculated. It gave a value — ■•76 ± 
■004, a very much higher value than what was obtained in the families of T. 24 X 
T. 280 cross mentioned earlier. In the latter families all the very late plants which 
did not flower up to the 13th or 14th week from the commencement of flowering 
were left out and this might have contributed partly to the lower value of the co- 
efficient. It cannot be said at present whether this relationship between duration 
and emergence is purely physiological or is due to partial linkage of Mendelian 
factors responsible for them. 
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The correlations between height and ear emergence and that between height and 
length of ear are very definite, while that between duration and length of ear does 

not seem to be very marked. 

in. Association of plant height and flowering duration with 

MORPHOLOGICAL CHABACTBES. 

1. Colour of glumes. 

Gro^s T. 4rx T. 1242. -^wo of the cross, where the flowering duration 

was tabulated along with the colour of glumes, showed a partial association of the 
two characters. The Eg of another independent, cross, T. 1 X T. 185 whwe also 
the same character, glume colour, was involved, gave the same sort of relationship 
between glume colour and flowering duration. The frequencies of the floweni^ 
duration 'tabuliited with glume characters in these fannlies are given in 

Table III. m ttt 

Table HI. 

Flowering duration tabulated with colour of glume. 


oiT. 47 xT. 1242 


P.ofT. IX T. 186 


Flowering 
frequencies 
in days 


Family 2669 


Plants witb. 


Brown Gold 

glume glume 


Family 2673 


Plants with 


Brown Gold 

glume glume 


Family 25S7 


Plants with 


Brown Cruld 

glume glume 


81-S4 

86-88 

89-92 

93-96 

97-100 

101-104 

105-108 

109-112 

113-116 

117-120 

121-124 

125-128 

129-132 

133-136 

137-140 


Totals - 

Mean duration 99*8 ±’20 

Standard devia- 7*4 
tion 


999 986 325 972 

106 6±-36 99-3 ±-16 106-8±-30 n0-0±-16 118-6±-32 

0.1 7-9. 8‘2 8*4 8‘4 
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It is definite from tfie tabulations that the plants with the gold coloured glumes 
are a little later in duration than those with brown glumes. The means of 
flowering durations of the two groups, brown glume and gold glume, taken 
separately are different in every family and the differences are highly significant in 
terms of the standard error. The test of independence in a 2 X «■ classification 
applied to one of the families gives an extremely small value of P less than ‘Ol 
proving that the glume colour difference in the classification by different groups 
of flowering durations is significant [Fisher, 1925]. It had been shown [Parnell, 
1922 ] that the gold colour of glumes is due to an inhibitory factor, I, which makes 
the brown into gold. It is therefore evident that this factor I is in some way 
connected with the factors responsible for duration. Since it has been shown 
already that the flowering duration is highly correlated with the height in these 
families it follows that the factor I is also connected with the factors for height. 
The height frequencies tabulated with the glume colour (Table 'V) is exactly similar 
to that between flowering duration and glume. 


i 


Table IY. 

Ted of independence in a 2Xn cl/mifioation in Family 2573. 

EloWBRINO FBEQUENOIES IX DAYS 


H|;i 1 

y m 


i ft i 

^ li hi' 


99-104 

105-110 

ni-116 

117 and i 
above 

280 

1 129 

61 

12 

59 

92 

78 

31 

339 

221 

139 

43 

3*17 

10*77 

23*45 

16*67 


203 366 


♦ In millions. 

aiillions 

986x325 

For w 5 an€ =:325^ tiie value of P= *000000. 
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: Tablet. ... ■ .. 

Height frequencies iabulaled with glume colour in the F^s of 2'^. 47 xT, 2242. 


Family 2569 


Family 257S 


Height frequencies 
(inches) 


Mean height 
Standard deviation 


Brown Illume. 

Q old glume 

Brown glume 



3 

3 

1 

7 

.5. ■ 

1 

25 . 

18 

2 

44 

63 

3 

117 

77 

5 

99 

■ B2 

3 

130 

133 

17 

176 

92 

22 

125 

63 

36 

85 

36 

26 

79 

. 25 

19 

.. 57 

21 

28 

15 

8 

34 

15 

3 

13 

4 - 


7 

■c* 

3 

. — . , 

0 

1 

1 

■ '2 

619 i 

222 

986 

48-3 ± -19 

64-8 ± -17 

47-9 ± *17 

I 4-69 

6-74 

6*29 


54-5 ± -34 
6*10 


2, Colour of rice. 

Parnell [1922] liad shown that the factor I inhibits the gold and changes any 
form of gold in the glumes to a corresponding form of brown and that this factor is 
necessary for the production of red rice by the factor R. In the absence of I, the 
factor R produces golden rice. He had given the ratios of splittings for rice 
colour in the two families 2669 and 2673 showing segregation for factor i in the 
presence of E. In all the cases it was shown that the red rice of the brown-glumed 
group had been replaced by golden rice in the gold-glumed group. It is therefore 
evident that the factor E is also connected with the duration factors and hence also 
with the height factors; ^ 

3. Nature of straw y lodging ornon’-lodging. 

Recently the inheritance of the lodging nature of the stravr has been under 
investigation at the Paddy Station, Coimbatore, in a certain number of crosses 
specially made for the purpose. While these results would be discussed in a 
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separate pxiblication, it may be pointed out bere tliat there has been found a definite 
association between the nature of the straw and the flowering duration of the plant. 
Wliere there has been a segregation for both the characters, nature of straw and 
flowering duration, it is found that plants with early diiration tend to lodge while 
most of the plants with non-lodging or erect habit are later in duration. Though 
the plant height was alsowarying in these families no apparent relationship was 
noticed either between height and duration or between height and nature of straw. 

4, Yield of plants. 

Lastly we come to the most important association, that of yield of plants with 
height and duration. It has been shown [Kamiah 1933, 1] that the Pg progenies of 
the cross, T.29 X T.102, were giving a simple 3 :1 ratio of short early to tall late. 
In 7 of the families when the plants were ready for harvest, the two groups of 
plants, short early and tall late, were harvested separately and the bulk yields 
determined per group. The results x/f such weighments are given in TaHe VI. 

Table VI. 

Yields of Short early and Tall late plants harvested separately in families of 

T.29 XT, 102, 


Family 

number 


Groups 


Nuuiber of 
plants 


( Short early 
t Tall late 
( Short early 
? Tall late 
C Short early 
( Tall late 
f Short early 
I Tall late 
C Short early 
( Tall late 
( Short early 
I Tall late 
( Short early 
1 Tall late 


Total for all (' Short early 
7 families (Tall late 


Yield in grams. 

Total 

Per plant 

1,080 

8*71 

660 

20*31 

2,230 

8*64 

3,130 

31*30 

2,280 

7-24 

3,130 

33*20 

810 

10*62 

1,160 

39*66 

960 

10*11 

1,070 

46*52 

900 

9*00 

1,080 

24*66 

920 

12 

930 

37-20 

9,180 

9-57 

11,140 

33-26 


Percentage 

increase 


It is found that the yields of the tall late plants are considerably higher than 
those of the short earlies, the increase varying from 233 to 460 per cent, in the 
different families. Unfortunately the border rows of plots which usually give a 
very much bigger yield than the middle rows were not eliminated, nor the yields of 
plants recorded individually according lo their duration. But it is definite that 
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tlie enormoES increase of nearly 360 per cent., the average of the 7 famiKes, miist he 
largely associated with the duration. 

In the following year, the sanae kind of separation of plants into short eaxlies 
and tall lates was done in the case of 3 F5 families lesnlting from the cross 
6 X T. 102 which was giving a 1 : 3 ratio of short early to taE late, Ihe separation 
was done in greater detail, row by row, and according to the duration of the plants 
and in every case rejecting the border rows (Table VII), 

Table VII. 

Yields of plants — Short early and Tall late — according U their duration in 

families of T. 6 X T. 102. 


Family 4178 


Family 4176 


Family 4174 


Yield 


Flowering 

duration 

(days) 


Number 


Number 


Number 


Total 


Total 


P e r c eii t a ge 
increase in 
yield of tall 
late over 
short early 


The percentage increase of yield in the tall late plants over the short early 
■ 177 in Family 4174, 214 in 4176 and 177 in 4178, with an average of 182 


ones IS 


m 
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per cent, for the three families together. The yield per plant in the three 
families according to its duration is interesting. In the early group the variation 
of yield with the duration is not very regular. The maximum yield is probably 
obtained in a plant with a flowering duration Bomewhere in the middle. In the 
late group, however, the maximum yield is invariably obtained. in plants flowering 
earliest. There is a definite tendency observed in all tlie three families for the yield 
per plant to fall down as the duration increases and the |)lants flowering latest are 
the lowest in yield. This fits in wirh the explanation given earlier for obtaining a 
definite negative correlation between height and duration in the late families. 
The earliest, being the most vigorous in the late groups, yield also the highest. The 
yields not varying regularly with the duration in the early group probably accounts 
for the rather low positive correlation obtained between height and duration. 
The mean difference in duration between the early and the late group was about 
three weeks. 

A similar analysis of yields in another group of families which was also giving 
a simple 3 : 1 ratio of short early to tall late and where the difference in duration 
between the two groups was under 2 weeks also gave a significant increase in yield 
in favour of the tall late plants, though the increase was not as high as in the cases 
dealt above. The group referred to is from the cross T. 24- X T. 310, dealt with in 
connection with the inheritance studies of height and duration. In some of the F 4 
families of this cross which were splitting into short early and tall late, the two 
groups of plants were harvested separately and the yield per plant determined. 
Only 3 rows of plants had been planted in each family and as the marginal effect 
was common to the two end rows, the central row was left out keeping only the 
two outside rows for yield records. The results are given in Table VIII . 

Table VIIL 



YiM per plant in the two groups^ short early and tall late, in the cross, T. 24 xT- SIO. 






Yieli) 

IN GEAMS 

Percentage 

Generation 

i^umber 

Gbaracter 

Kumbor of 

plants 

Total 

Per plant 

increase 

F. 

5283 

^ Short early 

81 

, 2,941 

36-3 

1 28 

I Tall late 

24: 

1,115 

46-6 


, 6284: 

1 ^ Short early 

i ' 

2,263 

31-9 

1 2.3 


(Tall late 

33 

1,297 

39*1 


1 6286 

S Short early 

68 

2,617 

38*6 ' 

1 19 

■ .n ■ 

i Tall late i 

34 

1,660 

45*9 

Total for all 3 families 1 

( Short early 
( Tall late 

220 

91 

7,821 

3,972 

36*6 

43'6 

1 23 


6770 

S Short early 

m 

16,477 

36-3 

^ 44 


( Tall late 

182 

9,254 

60:8 

) 44 
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In tlitee F 4 families the tall late plants give an increased yield, of 23 |)er cent, 
over the short early plants. In one of the Fg families this increase was as mnch as 
44 per cent. The results give an indication that the diherence in yield between an 
early and a late plant in general is proportional to the difference in duration 
between the two. The bigger the difference in duration the greater is the yield 
difference likely to be. The above results tlms definitely prove that the most 
importaiiheconomio character of a plant, namely, its yield, is intimately associated 
with its cluinthm and hence probably with its stature as wed^^ 

V. Summary. 

There has been established a very definite and strong association of the two 
characters, height and flowering duration. The correlation between these two 
characters is generally positive but in some cases it is also negative. Although 
very definite proof is still not available on the point, it is considered from the 
behaviour of the parents in the several crosses dealt with in the paper that the 
correlation is positive in early varieties and negative in late varieties. Such a 
behaviour seems to be consistent with a physiological explanation. It is reason- 
able to expect a physiological correlation between size and duration of growth. 
Obviously, an extremely early plant camiot in the few weeks of its growth attain a 
height e< 4 ual to that ultimately reached by another plant whose period of growth 
extends over a much longer period. It is quite likely that genetic correlations 
occur between factors for distinct quantitative characters. Thei;e and the pysiolo- 
gical correlations make the results more difficult of interpretation but do not throw 
them out of the realm of Mendelian phenomena. It is suspected that the correla- 
tion between the two characters is necessarily genetic on account of the absence of 
correlation and segregation for the characters in the progenies of certain crosses 
whose parents did differ greatly from each other for the characters. 



These two characters are also found to be associated with other quantitative 
characters like the length of the ear, and the emergence of the ear. They 
are also very definitely associated with the final yield, the later and taller 
plants giving a very much increased yield over the earlier and shorter plants. The 
larger the difference in the characters is between the plants, the greater is the yield 
difference likely to be. 





The two characters, height and duration, are also associated with such quali- 
tative characters as the colour of the glume and the colour of rice. An associa- 
tion has also been noted between flowering duration and the lodging or erect 
nature of the straw. 
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CONTONTS 
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L Inteoduction , . 

11. Cbosses • V 
(a) Fj behaviour 
(h) Fjs behaviour 

III. Discussion of results 

IV. Behaviour of the FgS 

V. Cross T. 29 xT. 6 . 

VI. Summary . 


L Introduction. 

In two previous articles [Esmiali 1933] the inheritance of flowering duration 
and plant height was discussed in the progenies of two sets of crosses involving 
three parents. In one set, T. 29 xT. 102, there was a sinaple segregation into short 
early and tall late plants in a 3 : 1 ratio. In the other set, T. 102 XT. 6, there was 
again a simple segregation of short early and tall late plants in a 1 : 3 ratio, just 
the converse of the first set. Thus in two crosses, keeping one parent the same in 
both, short early showed simple dominance over tall late in one, and in the other 
tall late showed simple dominance. From these two sets of crosses ^he following 
four pure types were obtained : — 

Short Early Dominant designated S. E. D. 

Short Early Recessive „ S. E. R. 

Tall Late Dominant „ T, L. D. 

Tall Late Recessive „ T. L. R.. 

The following six sets of crosses were made from among these four extracted 
types and also the cross between T. 29 and T. 6. The article deals with the 
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genetic constitution of these extracted types and the results of the crosses are 
explained both on a innltipie-factor hypothesis and on an inhibitory-factor 
hypothesis. 

Cross number 

1. S. E. D. (T. 139) X S. E. R. (T. 155) 

2. a E. I). „ X T. L. B. (T. 156) 

3.S.E.B. „ xT.L.R.(T. 140) 

4. S. E. R. (T, 166) X T. L. B. (T. ^ 

6. SvE. R. „ X T. L. R. (T. 140) 

6. T. L. B. (T. 166) X T. L. R. (T. 140) 

In each cross the parents were grown by the side of their and generations 
giving the same spacing to get comparable records of height and duration. In 
every cross two 1*2^, and in some, four each consisting of over 600 plants were 
grown to get a population big enough for the statistical estimation of the cha- 
racters. The Fg families studied in cross 1 were, however, too few and had too 
small numbers in each, but the F2 results have been definite enough in every case 
to support the factorial interpretation adopted. 

The S. E. D, and T. L. E. types were derived from the F^ femilies of cioss 
T. 29xT. 102. The short early extract was slightly shorter and eailier and the 
tall late extract was much taller and later than the lespcetive parents. Assrming 
that height and duration were contiolled by the same factors and adopting the 
interpretation then given, there were two factors for earliness and shortness, Ej and 
Eg, and one factor of lateness and tallness, andE^ was dominant to and Iii 
was dominant to Eg. The particular F4 family from which the two types were 
obtained was explained then to have been of the constitution L^LiExeiEgeg giving 
12 short earlies to 4 tall latea. Though the short earlies could be either. LiLjEiEi 
E2E2 or LitiE^^EiegCaj the actual type being shorter and earlier than the parents, 
its constitution should have been only L^IiiEiExEgEg. The tall late extract from 
this could be either or but the type being taller and 

later than the parent, its constitution should have been Lil^ieieiOgeg. 

The S. E. E. and T. L. D. types were extracted from a F4 family of the cross 
T. 6xT. 102. It was shown previously that the particular F4 family which gave 
rise to these types should have been of the constitution L^ljeje^egeg. The short 
early extract should therefore be yieiei^geg resembling T. 6, and the taU late 
extract LiLiCiejegeg taUer and later than the parents. 
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Oa the inllibitorv factor hypothesis L denotes the factor for lateness and 
tallness and factor I ‘completely inhibits L and makes the plant short early. The 
factorial composition of the 4 types can then he repress ided as 


On a. 3-factor liypi>t]icsis 


On tlie iuMbitory-f actor 
hypotliesis 


1. S.E. B. 

2. S. E.. R. 

3. T. L, D. 
i. T. L. R. 


tjLiEiExEoEa 

11116x616262 

I4ilii6i6i6262 


According to the multiple-factor hypothesis, there can be any number of 
Mendelian factors affecting a particular character of the plant, some of which may 

be dominant and some recessive. 

11. Crosses. 

(a) Fi behaviour. 

The characters of the parents and their F^s are given in Table I. 


Table I. 


Flowering daration and plant height of F^'i and parenU. 


Number 


, /. , V Flowering dura- 

Heigbt (inches) tlon (days) 


1 S. K B, x s; e. R. 


2 S. E. B. X T. L. B. . 


3 S, E, B. X T, B. R. . 


4 S, E, R. X T, L. B. 


5 S. E. R. X T. L. R. 


6 T. L. B. X T. L. R. . 


( T. 139 . 

{ T. 155 . 
(Fi. 6314 . 
r T. 139, 
I T. 150 . 
( Fj, 6318 . 
r T. 139 . 
) T. 140 . 
f Fj, 6325 . 
( T. 155 , 
5 T. 156 . 
( Fi. 6328 . 
% 155 . 
T. 140 . 
' Fi. 6330 . 
C T. 156 . 
\ T. 140 ., 

(Fi. 


It is seen that except in crosses 1 and 6, the parents differ from each other in 
height and duration but still the are just like either of the parents without 
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blending. In crosses 4 and 6 the duration of is not strictly intermediate but 
more inclined towards one parent. The close association between the two cha- 
racters is also manifest. The behaviour of the F^s would seem to suggest that the 
number of factors involved cannot be many. The factorial compositions of the F^s 
would be : 


■ — 

'rhreo-factor 

hypothesis 

Inhi bitory- factor 
hypothesis 

Character 

1. S. E. I). X 8. E. E. 

LiliEjeiE-^eoi 

nii 

Short early 

2. S. E. 1). > T. L. 1>. 

LiLiEieiE.,e2 

ILIi 


3. S. E. D. X T. L. B. 


LUi 


4. S. E. E. > T. L. n. 

Li1i6i6i6262 

Llii 

Tall late 

5. S. E. E. X T. L. E. 


Llii 


6. T. L. D. X T. L. E. 

III 161616262 

LLii 

9 > ii 


[h) Fg hehcmouT. 


The FaS of the crosses were grown under uniform conditions along with the 
parents. The marking of flowering dates and measurements of heights were done 
individually in all the F^ families. During flowering two distinct flushes could be 
made out and it was quite easy to separate the plants into two groups, early and 
late, even by eye judgment. The heights w^ere found to go with the duration in 
every case, the shorter plants flowering earlier than the taller plants. The fre- 
quencies for height and flowering duration gave a definite bimodal curve when 
plotted. 

In cross 1, according to the factorial composition of the F^ indicated, we should 
get in the FjS the following phenotypes in the proportion noted against each. 


ThEEE-FACTOR IiyPOTHESIS 


PhciiotypcK 


L 1 E 1 E 2 

IiiEie2 

I 1 E 1 E 2 

£16162 

1i6iE2 

116162 


Proportion 


27 

9 

9 

9 

3 

3 

3 

1 


Description 


Inhibitoky-factor hypothesis 
(two factor) 


Pliciiotypcs 


Short early 


Tall late 
Short early 


Tall late 
Short early 


Short early to tall late 
52 ; 12 
or 13 ; 3 


Proiiortioii 


LI 

II 

li 

Li 


9 

3 

1 

3 


Descripfion 


Short early 


Tall late 


Short early to tall late 
13 : 3 


j 



PBOPOETIOH Oir shout E4ELY to TALL late 


HEIGHT 


^ Height tn inches 
76 ^ ^ so 9^ 9& 

Sloweriog duration — days, 
lig. 1. 


INDIAN JOTONAL OF AOBlCUDTUBAti SOtENOB 
Actually the followiag numbers were got in tbe T# of tbis cross. 

Table II. 


[ Ill, III. 


F« number 


The production of tall lates from the apparently short early parents and also 
tbe distinct ratios of 13 : 3 obtained suggest the inheritance of multiple factors m 
the inheritance. Fig. 1 gives the frequencies for height and duration for one 
of the F 2 S. 


fREQUENCY DISTRIBUTION OF PLANT HEIGHT and FLOWERING 

DURATION IN AN Fa/ 6>52 


\ FLOWERING DURATION 


6552 

6553 
6596 
6591 


ToUl 


Calculated 13 i 3 


1,719 


mi 




INHIBCTOBY FACTOR HYPOTHESIS ^Dl 

In crosses 2 and 3 (Fj— Li Li ej. E^ Cg or Llili) the segregation should be as 


below 


Inhibit my factoe hypothesis (two 


Thbee-factob hypothesis 


faotob) 


BroportiOH 


Phenotypes 


Proportion 


Phenotypes 


Short earlv ; tall late= 12 ; 4, 


Tlie ratio obtained actually conforms to tbe theoretical expectations, (Table 


Table III. 


PfiOPOBTIOH OF SHOBT EAELY TO TALL LATE 


Short early 


In crosses 4 and 6 h 

tdon of phenotypes in F 2 vshould give 3 of tall late to 01 
agrees with the results obtained. (Table IV.) 


Gross 

P 3 N 0 . 

S.E.D.XT.L.D. 

6558 


6569 


6560 


6561 


Total 

1 ■■ 

Calculated 3 s 1 

s. E- D.xT.L. R. 

6569 


6570 


Total 

Calculated 3 : 1 



Fig. 2 represents the frequencies of height and duration of one Fg family. 
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i ' ■ . ' 

F N(i 

FKOFOETION of SHOBT early to tall LATli 


Short early 

Tall laic 

T. L. 1). 

0574 

■ 146 

■ ■ 441 ' 


6575 

114 

; ^ 359 ■ 


Total 

200 

800 y-jj 

Calculated 1:3 



T.L.R. 

;■ 1 

■ 0577 ■ 

■'■■■■ 99.', 

'280''' 


0578 

100 



Total 

■■ , 199,, 

■ T)ev. ' ' ' 
569 

Calculated 1 : 3 

J92 

576 


Frequency distribution of plant height and FLOWERiNO 

DURATION INAWF2, 6377 


FLOWERING OURMION 
WEIGHT 


54 36 62 66 

in inches 

96 100 104 loa 

Flowering duration — day^. 

iig. 2 , 


74 

76 

82 

116 

120 

124 
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Gxown In different fields in the same season. 
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It. is seen that, when the two groups are compared, the C. V. is always defi- 
nitely higher in the short early group than in the tall late, particularly with regard 
to the flowering duration. The C. V. both for height and duration is the highest 
in cross 1 and this gives additional confirmatory evidence for the larger number 
of factors involved in this case. 

In all the crosses described, the flowering duration and plant height were 
assumed to be controlled by the same factors. The high positive correlation found 
to exist between the two characters is the basis for such an assumption, and even 
if the factors are different they may remain linked which could also account for 
the close association of the two characters. The correlation coefficients were de- 
termined for some of the FgS of these 6 crosses and they are all very definitely 
highly positive. 


Cross 

Fg family numbers 

Ciirrelation coefficient 
betw'een height and 
duration 

c 

6552 

+ 0*74 ± *012 

aE. D. xS. E. E. V 

6563 

4- 0*74. dr *012 

( 

6697 

+ 0*72 ± *015 

aE.D. X T.L.B, 

6560 

■f 0*74 ± *012 

a E. D. X T. L. E, 

6570 

d- 0*62 d* *034 

aE.E. XT.L.D. 

6574 

-f 0*73 ± *013 

S. E. E. X T. L. E. 

6577 

+ 0*75 ± *015 


The correlation between the two characters is also manifest in ligs. 1 and 2 
giving the Fg frequencies of the two characters. It is seen from the estimate of 
correlation coefficients that it is almost of the same amount in all the crosses. Ac- 
cording to the factorial interpretation developed earlier, the segregation in the case 
of crosses 4 and 6 is for the presence or absence of the factor responsible for tall 
late, and hence the two groups of the F-gS were found to be clear-cut with hardly 
any overlap between the two. In the first three crosses besides the factor Lj, 
and Eg also come in, making short earlies and the tall lates not all of the same 
factorial composition and there was consequently a slight overlapping of the two 
groups. The overlapping of the two groups or their clear-cut separation in the FgS 
is also brought about by the peculiar distribution of the plants in the different 
parents. It was found from the frequency distribution of the characters that there 
was a definite negative correlation between height and duration in the S. E. P., 
T. L. D., and T. L. R. parents and a slight positive correlation in S. B. R. parent. 
Where the correlation between the tw6 characters in the two groups appearing in 
the FgS is of the same type, there is overlapping of the two groups, and where it is 
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of opposite type, as in crosses 4 and 5, there is a clear-cut separation ‘between the 
groups* 


IV. Behaviour OF Fg. 


A certain number of selections were carried forward in each of the two groups 
of the several FgS. Below are given the behaviour of the Fg selections from each 
cross. 

Cross L — The short early selections can behave in any one of the following 
three ways :—{i) breed pure, (ii) throw tall lates in the ratio of 13 : 3 just like 
the and (w) throw tall lates in the ratio of 3 : 1. Of these three, some families 
breeding pure for short early were obtained. But the number of splitting families 
studied were unfortunately few and the number of individuals in each family was 
also so small, that the two kinds of splittings, 3 : 1 and 13 : 3, could not be well 
made out. 

Of the tall late selections some should breed pure for tall late, while others 
should split and give tall late and short early in the proportion of 3 : 1. There 
were only a few tall late selections and all of them split and threw short earlies as 
shown below : — 

Pg,s Tall late Short early 

Totals of 4 families 370 127 

Calculated 3 : 1 STS 124 

Crosses 2 and S.— The behaviour of the selections in both these should be similar. 
The short early selections should either breed pure or throw tall lates in the ratio 
of 3 ; 1, and the tall late selections should all breed true. Of 19 hort early 
selections, 6 were pure short early, while the other 13 together gave 

Short early Tall late 

1227 430 

Calculated 3 : 1 1243 414 

The 19 tall late selections all bred true. 

Crosses 4 and 5.— According to the interpretation given, the short early selec- 
tions should all breed pure, while the tall late selections would either breed pure or 
throw short earlies in the ratio of 3:1. The eleven short early selections all bred 
true to the character as was expected. Of the 12 tall late selections, 5 were pure 
tall lates and the other 7 families together gave 

Short early Tall late 

134 401 

Calculated 1 ? p 
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to theexpectatioBS. ,™atioii between the groups due 

It was stated earlier to the two Lrac- 

to the peculiar nature of ^ ^ f^^torial composition, was very sharp 

ters, height and duration, and to the difterent^ 

in some and was overlapping in othe^ ^ l^^en selected as short lates and 

lapping of the two groups, some selections behaved as 

tall earlies to determine their Fs behaviour. I -proving that 

pi,« .kort .„ly .nd tke Ull e»ly " “IX/^Takout by 

th. o^lapping lo' ^ *”XJ“re^d,nayWo«»™^ at the 

diSeieat genetic „5,Lte«. Inaamilarway 

:rafib-=£— 

rnctmrf 

varying flowering durations but all witn ^ Whaviour 

otbL, an dcedng en tb. came "“f ^rnSn ta.on 

of all these elections was practically identical as snow = 

‘ tie" :“r« tn^ee and dinatton 

(days) ! 

r Mean height ^ 


gave in Fg A 


Short earlies 


r Mean 
5 Mean flowering dnra- 
i tion (days) 


Tall lates 


rM( 

XMi 


[ean height 
Mean duration (days) 


87 

94 

100 

46 in. 

46 in. 

46 in. 

98 

94 

97 

56 in. 

56 in. 

56 in. 

113 

no 

113 

ight 62 

in. but with durations 


2. Three .election from F, lamily 6670, with height 62 in. bnt with dnratione 

indays: 

rMean height 


gave in Fg . 


o 

ihire tails with < ^ 


104 
57 in. 


104 
57 in. 


112 
58 in- 


I Mean duration (days) . 117 

3. Three selections from F, family 6669, with the same flowering duration, 94 

days, hut with heights 


gave in Fg 


Short earlies 


Tall lates 


^Mean height (in.) . 

50 in. 

45 

62 in- 

46 

60 in. 

45 

\Mean duration (days) 

98 

95 

99 

^ Mean height (in.) v 

63 

66 

56 

C Mean d^ation (days) 

■"i m ■■ 

no 
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The above results definitely prove that within the two groups the magnitude 
of the two characters as expressed in the F 2 S is only due to their fluctuations and 
have nothing to do with the averages of the characters in ffg, since [such fluctuation 
is not brought about by genetic differences. 

V. Gross T. 29xT. 6. 

The only cross that had been left out to get additional confirmatory evidence 
about the assumed genetic constitution of the parents, was that between T. 
29 x T. 6. This was done in 1929-30 season and the P^s and grown in 

1930-31 and 1931-32 seasons respectively, under uniform conditions. The height 
of plants and the time of flowering were recorded for the individual plants in 
the Eg* 



Height (iaches) 

Duratioa (days) 

T.6 

48 

77 

T. 29 

64 

89 


65 

86 


It would appear from above that the character of the is just like that of 
the T. 29 parent, the small differences being probably due to heterosis. 


F2 results. 



Height (inches) 

Dheation (days) 


Range 

Meaa 

Range 

Mean 

T. 6 i)arent 

44-54 

47*3 

78-96 

84*8 

T.29 „ 

42-52 

49*0 

80-96 

87-3 

F, 

28-68 

43*8 

70-110 

86*8 


It is seen that the Eg range in both height and duration exceed the parental 
limits indicating the interaction of multiple factors. There were plants that were 
definitely shorter and earlier than the parents and also some definitely taller and 
later than the parents. The assumed genetic constitution of the parents were : 

On multiple-factor On iuMbitory- 
• hypothesis factor hypothesis 

b b ®i ®2 ®2 ^ ^ 

li^ Iij Ej^ Cg' 62 I . 


T. e 
T. 29 


4B8 


lliltolAil JOtJElfAL OS' A&EICtJLTtJRAL SGlElSCE 
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The ptenotypes of the F2 would be 



Ox INHIBITOBY-FACTOE : 

HYPOTHESIS 

Piienotype& 

Proportion | 

Character 

Phenotypes 

Propoition 

Character 

LitJpe. 

9 

S. E. 

LI 

9 

S. E. ■ 


3 

T. L, 

Li 

3 

T. L. 

li El Cj 

3 

S. E, 

n 

3 

■■'"B. E. 

116162 

} 

S. E. 

li 

1 

S. E. ■ 


Total short early : tall late 

13 : 3 13 : 3. 

The actual ratios of short early to plants taller and later than the parents in 
two PgS were : 

Short early Tall late 

1,727 369 

Oaloulatecl 13 : 3 1,703 393 

which is a good enougli fit. Thus this cross has also confirmed the assimiption 
and interpretations discussed earlier in the paper. 

VI. SUMMAEY. 

The study of the 6 crosses up to the Fg Pg generations confirms the 
existence of a strong association of the two characters, plant height and flowering 
duration. The entire dominance of the characters of either of the parents in the 
indicate the simplicity of the segregation as opposed to blending of the 
characters usually associated with multiple factors. The genetic constitutions of the 
four parents, froni the results of ’ the crosses from whose progeny they were 
extracted, agree with the Fg and Fg behaviours. The clear-cut segregation or the 
overlap of the t'wo groups, short early and tall late, in the FgS have been explained 
as due to the genetic factorial difiterences of the parents and to their peculiar 
behaviour as regards the association of the tw^o characters, duration and height. 
The obtaining of a certain number of plants in the FgS as short late and tall early, 
particularly in families where the two groups overlap each other, has been shown 
from their Fg behaviour to be simply due to the fluctuations of the characters 
and not due to any real genetic diflerence. The magnitude of the characters as 
expressed in the Fg plants have been shown to have no relation with their Fg 
behaviour proving that the inheritance was simple. Though the Fg and Fg results 
have been explained satisfactorily both on the multiple-factor hypothesis as well as 
on the inhibitory-factor hypothesis, the former gives wider scope to account for 
the wider variability arising from a greater number of pheno-type combinations 
which occur in the F2S. 
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During the investigation of various problems connected with the physiology of 
photosynthesis a need for an accurate method of determining minute quantities of 
the different carbohydrates present in the leaves was felt by the senior author in 
spite of the various methods developed by different workers. The majority of 
these methods for the quantitative estimation of reducing sugam are based on the 
power of these sugars to reduce an alkaline copper sulphate solution. It was 
Fehling [1849, 1858] who first proposed the use of alkaline copper tartarate solution 
for this purpose, and since then many independent methods have been worked out 
by different workers like Meissl [1879], Allihn [1880], Herzfeld [1885], Hiller [1889], 
Soxhlet [1880. 1886], Kjeldahl [1895] and Defren [1896] for estimating d-glucose, 
d-fructose, invert sugar and sucrose from a mixture of sugars. Brown and Morris 
[1893] first employed the copper sulphate method for estimating carbohydrates in 
plants and they were followed by Parkin [1912] and various others. Munson and 
Walker [1906] unified these different methods and developed a common method 
for determining the reducing sugars. The gravimetric method of Munson and 
Walker [1906] is used by agriculturists and is recommended in the official and the 
tentative methods of analysis of the Association of Official Agricultural Chemists 
[1930]. "V arious sources of errors in using Fehling’s solution are pointed out by 
Quisumbing and Thomas [1921], and methods have been devised by them to 
eliminate these sources of error. Schaffer and Hartman [1921] have modified the 
method of Munson and Walker [1906] and have developed an iodometrio method for 
determining reducing sugars and this method is used by various workers in 
determining the different carbohydrates in plants. The above-mentioned methods 
of sugar analysis have not been found useful for determining minute quantities 
of carbohydrates present in a few grams of fresh leaves that are available for 
analysis in the work on photosynthesis. Davis and his coUegues [1913-1916] have 
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made many improvements in tlie metliods of extraction^ purification and separation 
of various carboliydrates from tlie leaves employed by Brown and Morris [1893] 
and otfiers, and they have made use of the polarimetric method of determining 
their quantities. The polarimetric method is also of no use in work on photosyn- 
thesis where the concentrations of sugars in the leaf extracts are very low. 

Benedict and Osterberg [1918] devised a colorimetric method of determining 
sugars in urine in which the reducing action of sugar on picric acid in alkaline 
solution gives rise to a coloured substance probably picramic acid. Thomas [1, 924] 
and Thomas and Butcher [1924],. applied the picric-acid method by using a colori- 
meter for estimating sugars in plants. The limitations of this method were pointed 
out by Falk and Moyce [1920] which were taken into account by the above authors. 
This method was further modified by William and Davidson [1924]. The picric- 
acid method is accurate if various precautions are taken but it is not sufficiently 
sensitive as determinations of reducing sugars in solutions of lower concentrations 
than 0: 01 per cent, can not be made with it. 

Folin and Wu [1918] in estimating the minute quantities of sugars in blood 
made use of the fact that when reducing sugars are treated with an alkaline copper 
sulphate solution, the reduction of the cupric salt takes place and the cuprous 
oxide so formed gives a blue colouration with phosphomolybdic acid solution, aiiy 
unreduced copper being at the same time decolourised. They applied certain cor- 
rections to obtain true values of sugars. Later on Calvert [1923] improved upon 
the technique to a certain extent and increased the accuracy of the method as 
well as shortened the time of estimation. Standard and Wheatley [1924] ]3ointed 
out certain defects in the method of Calvert [1923], who therefore revised his 
method again. But on studying this revised method of Calvert [1924], it was 
found that it had certain defects which must be removed in order to carry out 
very accurate estimation of different sugars in the leaf extract. As a result of 
preliminary work it appeared to the writers that by making improvements in this 
method it was possible to make it sufficiently accurate and delicate for determin- 
ing minute quantities of sugars obtained from samples of leaf -material and there- 
fore it was undertaken to develop this method of Folin and Wu'[1918j, so that 
it could be used for estimating the carbohydrates in the leaves. There is one 
serious objection to the copper sulphate method which introduces errors in the 
sugar estimations. It is absolutely necessary to secure uniform conditions when 
the reductions occur in all sugar estimations as Nef [1907, 1910, 1913] has shown 
that a number of products, variable in nature and quantity according to the 
■ concentrations of sugar solutions and the alkali, are formed when the reduction 
of alkaline Fehling’s solution occurs. But this defect is greatly remedied in the 
procedure adopted here. As some Biochemists and Plant Physiologists have 
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requested the senior publish this method Avhich has been developed in 

the laboratory during the last five years, it is undertaken to publish it separately 
so as to make it available to all workers in India. Though this method was 
originally worked by the writers, several important improvements have been sub- 
sequently made by Messrs. Chinoy, Pir^iada and Asaiia and the improvements made 
by them will he referred to in the text. This method of estimating the carbohyd- 
rates in plants is used for the leaves of Abutilon asiaiimm G. Bon, Rwinus 
mmmunis L,y HelianiJms annuus L., Allium cepa L., Eaphaniis, and Garden Stock, 
and stems, roots, and leaves of the rice plant {Oryza saliva L,) 

The method of extracting the carbohydrates was the same as employed by 
Davis, Daish and Sawyer [1916] but some modifications had to be made according 
to the nature of the material extracted. * It was found that the period of extract- 
ing the material varied with different leaves ; hufc in all cases it was noticed that 
the period of 2i hours as recommended by Davis, Daish and Sawyer [1916] was 
too short for complete removal of all soluble carbohydrates from the leaves of 
different plants. In order to remove sugars from the rice plant it was found neces- 
sary to continue extraction with alcohol for nearly 80 to 100 hours, otherwise much 
of the sugar remains unextracted. 

.Minimum quantity of leaf material required is about 20 gms, by fresh weight 
and the following procedure is for that quantity. 


Method OF EXTEAOTION. 

The lamina of the leaves are separated from the stalks, weighed, cut to pieces 
rapidly, and thrown into boiling alcohol in a round bottomed flask containing a 
little ammonia. The extraction with alcohol should be continued varying from 40 
to 100 hours according to the nature of the material taken for extraction. Four 
to five changes of alcohol during the course of extraction are necessary. The con- 
centration of alcohol used for killing the leaves is 95 per cent, while in each succes- 
sive change the concentration is lowered to 86 per cent., 80 per cent, and 75 per 
cent. It is known that sugars are very slightly soluble in absolute alcohol and so 
after the removal of chlorophyll, weaker and weaker alcohol is used to facilitate the 
extraction. 

All the four extracts are mixed together and stored in a glass -stoppered bottle 
and put aside for further treatment. This alcoholic extract from the leaves cantains 
all soluble materials such as sugars, glucosides, tannins, albuminoids, amino 
acids, chlorophyll and other leaf pigments. The extract iKS then transferred to a 
distilling flask (1,000 c.c. capacity) and alcohol is allowed to distill- off at 80'^-8i°0* 
and the residual matter of the leaves is evaporated to dryness in a porcelain dish 
on a water bath and weighed. The residue is then removed to a i,000-c.c. . beaker 


A METHOD EOB BETEEMIHATION OE OAEBOHYDBATES IH LBAVJSS 


with distilled water. I After making the Yolume to 760 c.c. a solution of basic lead 
acetate is added to it drop by drop, to precipitate the glucosides, tannins, albumi- 
noids, amino acids, chlorophyll and other leaf pigments. It is recommended to use 
the basic lead acetate manufactured by the same company in all the extractions 
of sugar. Gill, Pellec and Edson [1926] have pointed out that basic lead acetate 
precipitates leviilose, but, if the solution of sugars is sufficiently dilute, if the 
excess of basic lead acetate is avoided, if it is not kept in contact with the sugar 
solution for a long tim.e and if it is not warmed, no levulose is lost. The use of 
neutral lead acetate is recommended by them in place of basic lead acetate, but it is 
possible that neutral lead acetate may leave optically active gummy substances in 
the solution. 

There has been a great deal of difierence of opinion about the use of deleading 
agent to remove the excess of lead acetate after the impurities are precipitated 
with basic lead acetate and after the solution is filtered. The work of Bryan 
[1908] and Geerlings [1908] has shown that loss of reducing sugars, especially 
fructose, occurs when basic lead acetate is used. Davis [1916], on the contrary, 
contends that in dilute solution basic lead acetate, in presence of other salts, does 
not precipitate fructose, Doerr [1916] and Pellet [1916] have shown that reducing 
sugars are entrained between the particles of insoluble lead salts, as, on decom- 
posing the lead precipitate, the entrained sugars are recovered. Similar results 
are obtained by Meade and Harris [1916] by using neutral lead acetate. English 
and Tsang [1922] made a comparative study of different deleading agents like 
potassium dichroinate, oxalate, sodium carbonate, di sodium phosphate, tannin, etc. , 
to determine the best deleading agent for the removal of excess of lead acetate, 
so as to avoid loss of sugars, and they have found disodium phosphate as the 
best deleading agent necessary to wash the lead precipitate with water several 
times to remove the entrained sugar particles. The loss of sugar is below one per 
cent, if the necessary precautions are taken. The filtrate is again reliltered and 
concentrated in a. dish on a water bath to a small volume and filtered for the last 
time, the voluhie is made up to 100 c.c. and is stored in a clean and sterilized 
glass-stoppered bottle with 4 or 5 c.c. of toluene to prevent the growth of fungus. 

The leaf material left out after the extraction with alcohol is dried in the oven 
at SO^’-SS*^ C. for about 24 hours, cooled, powdered and weighed. It now contains 
starch, gummy substances and other products that are insoluble in alcohol, Davis 
and Daish [1914] used these leaves directly for the estimation of starch. The 
gummy substances, tannins and proteins and other products cantained in these 
leaves may pass, to a certain extent, into the solution when the leaves are boiled 
with water for gelatinizing starch, and may introduce an error in the end in the 
reducing power of the solution. Basic lead acetate would clarify the solution, but 
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sufficient impuxity would remain to introdu^ error in the analysis m some 

cases. This coull however, be remedied by the following method adopted by 
Brown and Millar [1926]. 200 c.c. of distilled water are added to the leaf powder 

S ^ io. 2* h,™ at 3,--S8-C. Wat» « ofi 

anJ a. leaf material ia washed with fresh distilled water. This helps to remove 

the Bommysabstanees which, if preseat, would vitiate the result. 

This diast»e method of O’Sullivau [1884] for the hydrolysis of star* works 
pretty acourately wheu applied to the solutions of purified starch hut it does mt 
work with satisfaction when starch of the leaf matenal is to be hydrolysed. Tire 
reason is that deutrin is carried down together with the precipitate of g^y 
substances and other products when basic lead acetate is added to it to puiify the 

solution, and is thus lost to the analysis. , , ' , v + „ 

Taka diastase has been found to be more suitable than the ordinary dmstase 
in the hydrolysis of starch from the leaf material and is used by Stone and Wright 
[18981 Croft Hill [1901], Davis and Daish [1914], Horton [1921] and others. It has 
been found by them to give rise only to maltose and dextrose free from dextrin 
This fact makes the application of takadiastase method to the leaf material most 
suitable as there will be no loss of sugars when basic lead acetate or other clanty- 

ing agent is added to it. r. i a 

Most probably the first action of taka diastase is to break down the starch to 

dextrin and maltose as in the case of ordinary diastase. Dextrose is formed com- 
paratively slowly so that after six hours only one-tenth of the original starch is 
present as dextrose. Kita’s [1913] view, that dextrose is the direct product of the 
hydrolysis of the starch and is not formed from the intermediate maltose, is highly 
improbable. Perhaps the reaction proceeds thus : Starch-; dextrin>maltose.> 
dextrose. As more and more time elapses the amount of dextrose in the solution 
■ increases and that of the maltose decreases. But after 48 hours an actual loss in 
values of dextrose and maltose occurs as is suggested by Davis and Daish [1914]. 
The optimum temperature for taka diastase is 55° C., but at such a high tempera- 
ture maltose is slowly destroyed. The values of starch can be obtained by mul- 
tiplying the value of dextrose by 0-9. 

For the hydrolysis of starch in the leaf powder hydrochloric acid cannot be 
used as a number of workers like Noyes et al. [1904] have shown that the loss of 
glucose amounting to l-O-VS per cent, occurs as a result of use of 2-5 per cent, of 
hydrochloric acid. These findings of Noyes [1904] have not been confirmed by 
nsted [1920] and Walton and Coe [1923]. O’Sullivan [1884] developed a method 
estimating starch in cereals by hydrolising it by meam of diastase. 

The leaf powder is then boiled with 500 c. c. of distilled water on a water bath 
in en 9,ft hours to ffelatinise the starch. It is cooled to 35°-37°C. and0'05 
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grm. of solid taka diastaee (Park Davis and Co.) isaddedtoit. The beaker is 
kept in the incubator (Hearscn and Co., Ltd.^ London) at 38° 0. for 48 hours or 
more. Care is taken to stir the solution and to add a few c. c. of toluene every 4 
or 6 hours to prevent fungus growth. At 38° C. starch could very easily be hydro- 
lyKsed completely during a period of 40 to 44 hours. To ascertain whether all the 
starch present in the leaves was hydrolysed or not, iodine testis appliedmacros- 
copically as well as microscopically from time to time. After the completion of 
hydrolysis the liquid is decanted off into another heaker and the leaves are squeezed 
in a presser specially made for the purpose. The leaves are moistened with dis- 
tilled water and pressed several times, thus making sure that no liquid remained 
adhering to them. The liquid together with the washings is then boiled on a water 
bath for half an hour to kill taka diastase present in it. It is iiltered, cooled and 
clarified in the usual manner by adding basic lead acetate and precipitating the 
excess of lead by disodium phosphate. The solution is concentrated on a water 
bath, filtered, and the volume of the solution made up to 100 c.c. and sampled, as 
usual, in a glass-stoppered bottle with 4 or 5 c. c. of toluene. 

One difficulty which is to be encountered in the use of taka diastase in the 
present investigations is that taka diastase which is used as a catalyst has the power 
of reducing alkaline copper sulphate solution. This fact would introduce an error 
in the true values of reducing sugars obtained as a result of starch hydrolysis. In 
order to avoid this error a correction for the reducing power of the same quantity 
of taka diastase used in starch hydrolyses should be applied after determining its 
reducing power by previous blank experiments. It was found that 1 grm. of taka 
diastase has got the reducing power equal to that of 0*3 803 gim. of dextrose. 

It was later found by Mr. Pirzada working in the laboratory that the correc- 
tion made for the reducing properties of taka diastase introduced an error in the 
estimation of starch instead of removing it. It was also found out by the same 
worker that the reducing power of taka diastase varied according to the quantity of 
basic lead acetate solution added to the solution after the hydrolysis of starch to 
precipitate the proteins and fatty substances. The following method is adopted to 
determine the correction to be applied for the reducing power of taka diastase 
when different quantities of basic lead acetate are used. 

0*10 grm. of taka diastase is dissolved in 600 c.c. of distilled water and 
heated on the water bath for half an hour to kill the enzyme as is done in the case 
of the hydrolysis of starch. Dive such solutions of 0*1 grm. of taka diastase in 
water are prepared and to each one of them different quantities of basic lead 
acetate varying from 10 to 30 c.c. of 10 per cent, solution are added and the lead 
precipitated either by sodium carbonate or disodium phosphate as the case may be. 
The solutions are then filtered and precipitate is washed with water and tlx§ 
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reducing power of the filtrate determined. It was found that the reducing power of ^ 

fahaSase decreased from 0-00685 grm. of glucose to 0-00344 gnu. of ghicose as 
the qu^tity of lead acetate added increased. It is therefore necessary to d 
mine the reLcing power of taka diastase according to the qiiantities ol basic lead 
acetate used and then make the necessary correction in the value of starch in term» 

of glucose obtained. 

Estimation op sxigaes. 

Two standard solutions, A and B, are prepared according to the method of 

Calvert [1924]. 

(A) AlMUneCu 80 i‘‘ solution’’. V 

Seventy grms. of pure anhydrous sodium carbonate (Merck’s product) are 
dissolved in about 200 e.c. of distilled water in a litre^ flask.^ 13 1.6 guns, o 
tartaric acid are added to it, and the solution is stirred till the effervescence ceases, 
7-824 grms. of pure crystalline copper sulphate are then dissolvedin it without 
heating. The solutionis made up to one litre by adding distilled water. T^his 
solution is kept in dark in a coloured bottle. If any sediment occurs dmmg the 
first week, the clear solution is transferred to another bottle and kept corked. 

(B) Phosphomolyhdic acid solution. 

Thirty-five grams of pure molybdic acid (Merck extra pure) are dissolved in 
200 c.c. of 10 per cent, solution of sodium hydroxide and 200 c.c. of water are 
added to it. The whole solution is now boiled for an hour until all the^ 
ammonia are driven off. It is cooled and diluted to about 350 c.c. with distil ed 
water and 125 c.c. of 85 per cent, phosphomolybdic acid are added and .he 

volume is made up to 500 c.c. with distilled water. 

Two c.c. of the solution (B) would render 2 c.c. of the solution (A) colourless. 
Two c c of the sugar solution are pipetted into a test tube and 2 c.c. of copper 
sulphate solution are added to it. The test tube, corked with a rubber cork 
having a boro for the vapour to pass off and to minimise the effect of oxidation 
on the reduced copper, is kept into a vigorously boiling water bath exactly 
for six minutes. 2 c.c. of phosphomolybdic acid are added to it as quicHy as 
possible when it is taken out from the water bath. It is allowed to stand for 
four minutes and then cooled under the tap exactly for one minute. Intense blue 
colour is produced, the depth of which is proportional to the concentration of the 
: reducing sugars present in the sugar solution under examination. The blue colour 

- is then matched with the blue colour of a standard solution, between half an hour 

and one hour after the colouration is produced. 
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Standard suoae solution. 

of a standard sugar solution one grm. of anhydrous 
glucose (M* P: 146° C,) was diss^^^^ in 100 c.c. of distilled water and kept in a 
glass-stoppered bottle with a few c. 9. of toluene added to it. From this, standard 
sugar solutions of required strengths were prepared from time to time by dilution 
with distilled water. 

The depth of the colour obtained from the standard solution should be within 
the range of matching in the colorimeter, i.e,, the ratio between the known and the 
unknown solutions should be between 0*8 and 1*26 on the scale of colorimeter. In 
order to bring the standard solution within the range of matching with the un- 
known solution it is essential that a freshsugar solution is taken, diluted and treated 
with the copper sulphate solution. If the standard solution after the development 
of colour is found more concentrated than the unknown solution, former should 
not be diluted with water as depth of colour is not proportional to dilution 
after the colour is once developed. So a fresh standard solution properly diluted as 
required should be taken. 

Matching the unknown solution with a suitable standard is a somewhat 
difficult task, but after a little practical experience is gained in the line, it can be 
done after one or two trials. 

The colorimeter used in these ixivestigations is the Nepholometer Colorimeter 
manufactured by Klett Manufacturing Co., Inc. New York.'*' Before the instru- 
ment is used as a colorimeter the following points should be noted :*"-(«) Zero point 
of the scale should be properly adjusted, (6) The adjustment of the mirrors reflecting 
the light into the colorimeter cups should be carried out, so that both the fields are 
equally bright. 

Before use, the cups and the plungers are thoroughly washed three or four times 
with distilled water. Finally they are rinsed with a little of the solution that is to 
be used in the respective cups before filling them. In all the readings throughout 
the investigations one of the cups which was marked with a sign ' L ' is used for 
tlie standard solutioji and is always placed on the left-hand side, wliile the other 
cup is used for the unknown sugar solution on the right-hand side. 

The position of the left-hand cup ' L " containing the known standard solu- 
tion is adjusted, the scale reading being exactly ^ 30*0 " ; the position of the right- 
hand cup is then shifted until both the sides are equally illuminated. It is always 
the right-hand cup which is moved to and fro for the final adjustment of the equal 
illumination of the two fields. The left-hand cup is kept always fixed. Several 
readings with the same pair of solutions are taken and the mean of them is taken 
or calculation. 
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To find tU<mcmtmUm of the unknown soMhn^ 

Tf the reading of the known solution, i.e., the standard, and the unknown 
TXrti^ly. ‘I' CO ncentration of the efccaorti to the concentre- 

tion of the unknown will then be represented by 

b conc entration of standard 
T ” concentration of unKnown 

Colorimetric reading of the unkMTO^ 

~C''oiOTi^tno reading of the standard 

Thus if the concentration of the standard is known, that of the unknown can 
easily be found out from the colorim etrio readings. ^ 4.1, + n +-u 

Accurate determination of sugars makes it quite imperative that all the re- 
quisite conditioris, attending the heating of the standard and unknown sugar solu- 
tions, are fulfilled. The test tubes used for boilmg the standard and the unknown 

sugar solution should have the same volume and should be of the glass of thqsame 
specific heat, because the reduction of the copper salt depends upon the internal 
temperature of the tubes. If the two t iiles are r ot mace of the glass oHhe same 
specL heat, the time taken for the reduction of copper salt uould be difiemnthor 
both, when kept together in the boiling water for a fixed period cf^time. _To find 
out such pairs of test tubes having the same specific heat a number of hem are 
taken anLre tried in pairs by producing the blue colouration liy he^^^^^ 
solutions in them with 2 c.c. of copper sulphate and then adding 2 c.c. of 
phosphomolybdic acid. If the colorimetric readings on both the sides of the scale 
agree within one or two divisions on the vernier scale, they are taken as having 

identical specific heats. . x- 4 ,- i 

It is shown by Chinoy [1932] that it is necessary for accurate estimations of 

sugars in the unknown solutions that the concentration of sugars should not be 
mL than one part of hexoses in 2,000 parts of water, for, if the concentration is 
higher there will not be sufficient copper salt for the reduction to occur and con- 
sequently the amount of reduction will be less than the quantity of sugars present. 

If after six minutes' heating there is absence of a greenish tint in the boiling tube 
containing unknown sugar solution and alkaline copper-sulphate solution, it 
indicates that all the available cupric ions are reduced. This could be easily 
noticed and the error avoided by diluting the unknown solution to one part of 
sugar in about 2,000 parts of water, it is also necessary to use 4 c.c.^ of the alka- 
line copper sulphate solution instead of 2 c.c. of solution as mentioned above 

when the concentration of sugars in the unknown solution is one part of hexoses 

[n 2,000 parts of water and to add 6 c.c. of phosphomolybdic acid after boiling for 
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six minutes. It is also necessary to prepare fresh, stock solutions of alkaline copper 
sulphate, phosphomolybdic acid and standard glucose solution eYery fortnight. 
The sugar solutions extracted from the leaYes generally contain a mixture of 
hexoses, and sucrose. It is always noticed that maltose is neYer present in the 
leaf extracts if the material is killed in boiling alcohol. If howoYcr maltose is 
present in any plant extract, it inYolves a correction to be made in the Yaliie of 
hexoses determined as mentioned aboYe, as maltose is also a partially reducing sugar 
and therefore the Yalue of hexoses is lower than what is obtained in the aboYe 
determination. The correction to be applied is given below after the method for 
the estimation of cane sugar is described. 

Estimation oe cane sugak. 

In the sugar solution from the leaves, cane sugar needs be hydrolised and 
converted into hexoses. Davis and his colleagues [1916] recommend 10 per cent, 
citric acid for hydrolysis of cane sugar and it is necessary to boil the sugar solution 
for 10 minutes. Citric acid is then neutralised by sodium carbonate. In the 
beginning the hydrolysis of cane sugar was carried out by citric acid, but it was 
soon found that this method was unsuitable on account of the following reasons. 

The presence of sodium citrate produced as a result of addition of sodium 
carbonate in the unknown sugar solution interferes with the development of the 
blue colour when the above method is applied, so much so that no blue colour 
develops when the concentration of the total reducing sugars is one part in 6,000 
parts of water. Hence it is not possible to estimate cane sugar when it is present 
in lower concentrations than 0*02 per cent. It is possible to avoid the difficulty 
by concentrating the sugar solutions by boiling ; but that was not suitable and the 
following modification was made. 

Hydrolysis of cane sugar. 

Tartaric acid is employed as a hydrolysing agent. It is found by Asana 
that 10 per cent, tartaric acid is sufficient to hydrolyse cane sugar present in the 
2 c.c. of unknown sugar solution by boiling it at lOO^C. for IS minutes. The 
sodium tartarate that is formed on neutralizing the tartaric acid with sodium 
carbonate does not inhibit the development of blue colour with phosphomolybdic 
acid and the cane sugar in lower concentration than 5 parts in 100,000 parts of 
wateT c<an be readily estimated. 

In all estimations of cane sugar after hydrolysis wdth the tartaric acid, 4 c.c. 
of the alkaline copper sulphate solution and 10 CuC. of phosphoiBolybdic acid are 
used. It may be mentio-iied that the same quantities of the two solutions A and B, 
\ when citric acid is used as a hydrolytic agent, do not produce the blue colour 
\ with the lower concentrations of cane sugar than 0*02 per cent, 


E 


t 



INDIAN JOIJENAL OF AGEICULTITRAL SCIENCE 


[ III5 III. 


i The difference between the concentrations of reducing sugars before and 
after the hydrolysis with 10 pet cent, tartaric acid will give the concentration of 
cane sugar as glucose present in the sugar solutions prepared from the leaves. In 
order to obtain the true value of cane sugar it is necessary to multiply the glucose 
value of cane sugar by 0*95 as one gram of glucose corresponds to 0*95 gram of 
cane sugar. 

If " « ^represonts the concentration of reducing sugars in the sugar solution 
from the leaves, and '6' represents the concentration of reducing sugars aiter 
hydrolysis with the tartaric acid, 

^=hexGses in the leaves 

(6— X 0*95 = cane suga>r in the leaves. 

The sugar solutions from the leaf extract is slightly coloured yellow in some 
cases and hence the blue colour obtained with phospliomolybdic acid becomes 
faintly green. Calvert [1924] also obtained greenish colour from the tmknown 
solution of the blood sugar and in order to meet the difficulty due to the absence 
of any yellow colour in the standard glucose solution he recommended the use of 
a series of glasses of blue and yellow colour to match with the greenish colour 
obtained with the unknown sugar solution. The use of coloured glasses for match- 
ing the colours of the two solutions is not satisfactory and therefore a few drops 
of phenol red are added to the standard sugar solution and then the standard and 
the unknown sugar solutions are matched in the colorimeter till they are of the 
same tint. Phenol red has several advantages over the other colouring matters. 
It gives the same tint of colour as that of the unknown solution. It is neither an 
oxidising nor a reducing agent and it does not give a precipitate with the alkaline 
copper sulphate solution or the phosphomolyhdic acid solution or with the mixture 
of the two. 

It is necessary to determine the quantity of phenol red to be added before 
treatment with the solutions A and B, hy a blank experiment. The determined 
quantity of phenol red is then added to the known standard sugar vsolution after 
the blue colour is developed just before comparing the two solutions in the 
colorimeter. 

The sugar solutions from the leaves, besides the yellow colour mentioned above, 
contain many other impurities some of which have an inhibitory effect on the 
reducing power of sugar solutions, and hence the values of sugars obtained will be 
than the true values. Folin and Wu [1918] and Calvert [1923] used sulphuric 
acid, sodium tungstate and other suhstances for obtaining sugar solutions from 
blood and they compared the sugar solutions containing these impurities with pure 
glucose solution in a col orkgefe^^^ Calvert [1924], and Standard and Wheatley 
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[1924], who criticised Calvert’s paper, did not add the same impurities to the standard 
glucose solution in order to obtain the true values of sugars. Davis and Daish 
[1913] observed the retarding effect of sodmm acetate on the hydrolysis of cane 
sugar with 2 per cent, citric acid, and they therefore recommended the use of 
10 per cent, citric acid for the cane sugar hydrolysis. 

The sugar solutions from the leaf extracts contain the following impurities : 
(1) Sodium acetate formed in the double decomposition of the basic lead acetate 
and the deleading agent like sodium carbonate or disodium phosphate. (2) Sodium 
carbonate or disodium phosphate added in slight excess. (3) When citric acid or 
tartaric acid aie used for hydrolysis of starch and when they are neutralised by 
sodium carbonate, sodium salts of these acids are present in the sugar solutions. 
(4) If maltose is present in the sugar solutions it is hydrolysed with sulphuric 
acid and so Bodium sulphate remains in the sugar solutions as an impurity. 

The presence of these salts in the sugar solutions interferes with the develop- 
ment of blue colour in the sugar solutions. The inhibitory effect on the dei)th of 
blue colour is greater in the presence of sodium acetate, sodium citrate and sodium 
tartarate than when sodium sulphate and sodium chloride are present. This can 
be explained by the fact that the former are salts of a strong base with weak acids 
and the latter are salts of strong bases with strong acids. The former, when they 
dissociate, liberate acetate and citrate ions which may be responsible for the 
inhibition of blue colour. 

The concentrations of these impurities must be determined in order to add 
the same in the same amounts to the standard glucose solution. 

The concentration of sodium acetate and sodium carbonate in the sugar solu- 
tion obtained from the leaves can be determined by titrating with phosphomolybdic 
acid using thymol blue as an indicator. Two to three drops of thymol blue added to 
the 2 c.c. of sugar solution will produce blue colour due to the presence of sodium 
carbonate. Drops of phosphoric acid are added to the sugar solution till the blue 
colour disappears. The amount of phosphoric acid is equivalent to the sodium 
carbonate present which can be determined by titrating a known volume of sodium 
carbonate against the same amount of phosphoric acid solution using the same 
indicator in the same amounts. 

More phosphoric acid is then added to the same 2 c.c. of sugar solution till it 
turns permanently pink. The amount of additional phosphoric acid will be 
equivalent to the amount of sodium acetate present in the sugar solution. The 
quantity of sodium acetate can be determined by titrating a known volume of 
it against the same amount of phosphoric acid using the same indicator in the 
same 'amount,'"' 

h2 
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s^L'Sil and neiLlised by sodium carbonate before comparison m tbe 
colorimeter. 

Estimation oe maltose. 

When maltose is present in tbe sugar solutions from plant extracts tbe value 
for reducing sugars' a ’ obtained before hydrolysis witb tartaric acid does not give 
1 vXes of bexoses present as a part of tbe value is due to reducing actaon 0 
mLIe It is known that one gram of maltose bas tbe reducing power equivalent 
to 0-62 gram of glucose. Wben one gram of maltose is hydrolysed wrtb sulphuric 

maltose after hydrolysis with acid is increased by I'OS— 0 62-0 43 giam ot gm^ose 
Therefore if reducing pofrei of the sugar solutioii eftei “ '’jf 

gram of glucose, one gram of maltose is present in tbe sugar solution. It therefore 
follows that one gram of glucose is equiyalent to 2;32 grams of malto^ ^ _ 

The glucose yalue of maltose should therefore be multiplied by 2 32 to get the 

true value of maltose. To 2 c. c. of the sugar solution from the leaves is added 
concentrated sulphuric acid so as to make a 10 per cent, solution of sulphuric acid 
Itisheatedinawater bathfor 10 minutes at 70T. The acid is then neutralised 
with sodium carbonate. The standard glucose solution is also treated in the same 
manner and the necessary amounts of sodium acetate and sodium carbonate are 
also added as described above. The estimation is then carried out m the usual 

™^^Let the total reducing sugars estimated after hydrolysis with sulphuric acid be 
represented by ‘ 0 ’. Then 

a) X0-96=cane sugar as shown above, and 

jj(._h)x2'32=maltose, and 
o— (maltosex 0 - 62 )=hexoses. 

It is known that tartaric acid can hydrolyse only cane sugar while sulphuric 
acid hydrolyses both cane sugar and maltose. If maltose is absent in the sugar 
solutions from leaves, the reducing power of the sugar solution after hydrolysis with 
the tartaric acid should be the same as the reducing power olitained after hydrolysis 
with sulphuric acid. The reducing power of the sugar solution should increase, 
after hydrolysis with sulphuric acid if maltose is present. It was observed several 
times that in some cases there was no increase in the reducing power by sulphuric 
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acid Ixydrolysis over the reducing power olitained by tlie tartaric acidj wliile in some 
sugar solutions there was a rise in the reducing power after sulpliuric acid hydrolysis. 
This difidrenee was first attributed to the presence of maltose. But if maltose is 
present, 2/3 rds of it should be accounted for in the first determination of reducing 
sugar before hydrolysis with tartaric acid. In no case the reducing power of the 
2/3 rds maltose could be realized from the first reading as the reducing sugars 
determined before hydrolysis with tartaric acid were too small in amount, and it is 
not possible to subtract the value of 2/3 rds of maltose from a '' as (c— 6)X2*32 X 
0*62 is always much greater than ‘ a ' in all cases. 

Therefore maltose is absent in the sugar solutions from leaves. 

It was also thought that the increased reducing power of sugar solutions after 
hydrolysis with sulphuric acid may be due to imperfect hydrolysis of cane sugar 
with citric acid, but blank experiments with pure cane sugar solutions negatived 
this idea. 

The increased reducing power of the sugar solutions on hydrolysis with 
sulphuric acid may possibly be due to the presence of gunamy substances or gluco- 
sides which are not completely precipitated from it by basic lead acetate. Rosen- 
thaler [1930] also remarks that sometimes even after precipitation with basic 
lead acetate gliicosides are present. It is not clearly understood why the 
glucosides and gummy substances should remain unprecipitated in some experi- 
ments while not in others as the procedure adopted is the same in all cases. If 
maltose is absent which can be easily seen as explained above, there is no danger of 
an error in the estimations as the increase in the reducing power by the sulphuric 
acid hydrolysis should be neglected, but when maltose is present in plant extracts, 
the real difiiculty arises as the estimated value of maltose will be higher than its 
true value if the gummy substances remain partly unprecipitated. This would also 
introduce an error in the calculations of the value of glucose. 

The Bancroft's reagent is supposed to be reduced by maltose only and not by 
; hexoses. If this is true, it would be possible to find out the correct value of 
I maltose without hydrolysis with sulphuric acid, by deducting 2/3 rds the value of 

5 maltose obtained from the value of 2/3 rds maltose and hexoses (a) by the naethod 

described above. Bancroft's reagent was prepared but on repeated trials it was 
found that glucose also reduced the Bancroft's reagent and hence it was not possible 
1 to determine the value of maltose separately, 

■■'I" ■ ' 

\ Estimation of starch. 

Starch is hydrolysed to dextrose and maltose by taka diastase as described 
above. So the solution contains a reducing sugar, dextrose, and a partially reducing 
sugar, maltose. Maltose is therefore hydrolysed with 10 per cent, sulphuric acid at 
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v 1 invited in tli 6 coloriiiiet 61** llie value of 

,^=0^d teetotal 

appendix is Aown tow it. dill..- .ugors F«.ot m 

leaves aie calculated from an actual experiment. 

Helianthus annum L. 

Fresh weight of the leaves=20 grams. 

Voltme of the sugar solutions from the leaves^lwoc.c. 

drop, of sodium .CM, it 2 O-c- «f oo8«> Bolut.ot ; 1 drop 
“'^‘“caAoBatemaoCMl rog^^ ted. Tte, me added to tto 

standard glucose solution. 

Standard=l gram of glucose in 7000 C.C. of water. 

Cohrmelrio readings {before hydrolysis). 

Standard UntooTO _Staadard^. ^^“knoS^ta 

eft f rot* 8112 ^ _ . ... ... 


isfe reading 
2Ed reading 
Erd reading 
4tli reading 
5tli reading 


standard 

sugar 

solution 

Unknown 

sugar 

solution 

31-0 

26*0 

37-0 

30*0 

26-0 

20‘0 

lS-9 

15-0 

12-4 

10‘0 

124-3 

100-0 


KIO. 

Iddo ^ r ^ 20 

==0-1110 gram. 


Usirdytis ailh 10 per cent, terlarie adijer 16 rmnuUs. 
Staudard «.tatioB=l gram of gtacoc m 6000 c.o. of watoi 


Coloriinotiic Btanda rd^ 
Standard uxiknown unknown 


Concentration of 
the unknown in 
100 grms. of leaves 


1st reading 
2nd reading 
3rd reading 
4th reading 
6th reading 


30*0 1 

20-0 I 

40-0 y 1‘176 


1-175X 125^ 100 
6000 20 
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Therefore cane sugar = (0*1469 — 0*1110) X0'95=0*00341 gram. 

Hydrolysis of the same sugarsolidion from the leaves with lO per cent, \ ~ - 

Standard=l gram of dextrose in 6000 c.c. of water. 

Colorimetric readings same as those- after tartaric acid hydrolysis. 

Therefore concentration of unknown =0*1469 

Therefore maltose is absent. 

Sensitivity OF THIS METHOD. 

According to this method reducing sugars in a concentration of 0*001 per cent, 
ic. one part of a reducing sugar in 100,000 parts of water can be accurately 
determined. Similarly starch after its hydrolysis to reducing sugars can be deter- 
mined in that concentration. 

On account of the inhibiting influence of citric or tartaric acid on the develop- 
ment of blue colour, cane sugar can be accurately determined in a concentration of 
0*005 per cent, i.c. one part of cane sugar in 20,000 parts of water. 

Experimental results. 

The detailed results obtained by this method have already been published in 
this Journal in a previous contribution by Dastur and Chinoy [1932] on the carbon 
dioxide assimilation of the leaves of the rice plant. 
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Summary. 

The method of Folin and Wu [1918] and subsequently improved upon by 
Calvert [ 1923, 1924 ] for estimating sugars in blood is modified and developed for 
estimating carbohydrates in leaves. Various sources of error in the methods devised 
by the above-mentioned workers are removed and various improv'ements described 
below are made. 

The sugar solutions from the leaf extracts contain a mixture of simple sugars 
and cane sugar. Maltose is generally absent in the leaves. The hexoses are deter- 
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rained by inafccliiTig in a coloriiaeter the blue colour pioduced when. 2 c.c. of the 
sugar Bolutiou is treated with 2 c.c. of the alkaliue copper sulphate solutwn and . 

c.c. of the phosphoinolybdie acid solution with the blue coloui pro ucec m c.c. 

of a standard glucose solution treated in a similar manner. By t is mc . ioi re 
ducing sugar in a concentration of O'OOi per cent, can be accurately estimatec . 

For estimating cane sugar generally 10 per cent, citric acid bas been used for 
its conversion into reducing sugar. It was noticed here that sodium citrate inhibits 
the blue colour produced, and, it is therefore not possible to estimate cane sugarpn 

a lower concentration than 0-02 per cent, when hydrolysed witb citric acid, bor 

hydrolysis of pane sugar 10 per cent, tartaric acid is used. . . . , 

Corrections to be made for various impurities present in the sugar solutions 
from the leaves are •worked out and described. _ Maltose is absent m the leaves 
Sometimes gummy Bubstances axid glucosides ^remain imprecipitated by basic ea 
acetate which, when hydrolysed by 10 per cent, sulphuric acid, are incorrectly taken 
as maltose. 

A method of estimating hexoses and maltose in presence of the latter is des- 
cribed as maltose is also a partly reducing .sugar. 

Starch is estimated as dextrose first by hydrolysis witli taka diastase into dex- 
trose and maltose, and then the hydrolysis of maltose liy 10 per cent, sulpbunc 
acid again into dextrose. • • i < i 

Various precautions to be taken such as the specific heat of boiling tubes, >. ic 

maximum concentration of the unknown solution to be taken, the quantities of the 
alkaline copper sulphate solution and phosphomolybdic acid to be used, the time for 
boiUng the solutions and the arrangement of the colorimeter with the range of 
matching the colours of the unknown and known sugar solutions are described. 

The depth of blue colour produced is not proportional to dilution with water, 
so the dilution of the solution after the development of the blue colour for 
bringing it within the range of matching with the other solution must be avoided. 
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Intbobbotiox, 

In 1930-31 tliere were 1,321,969 acres of sesamum. {Sesumum orieatale Liruu, 
syn. 8. indimm DO.), in Burma, tlie largest area of any province in Iinlia and the 
second largest area of any crop in Burma. It was made up of 990 294 acres of 
' early and 331,665 acres of ‘ late ^ sesamum. A full account of the sesamum crop 
in Burma has been given by McLean [ 1932 ]. 

In 1923 a collection of sesamum varieties was made from all over the province 
and a study of the types commenced. At first only early types were dealt with but 
since 1929 the late types also have been under selection. 

Early ahd late characters. 

It is necessary to make a clear distinction between the early monsoon variety 
(Burmese, hnanyin) and late monsoon variety (Burmese, hmmgyi). Kashi Bam 
[ 1930] does not appear to have observed that there are two distinct classes of scsa- 
mum, one which is generally grown in the early part of the monsoon from April to 
the end of June and one which is always grown in the cold season being planted in 
late September or October and harvested in December or January. In fact, the 
flowering dates given for his late types (end of October) approach the flowering 
dates of the cold weather type rather than the early monsoon type so that it is pro- 
bable that his crops were grown too late to observe the distiiiction. McLean [1932] 
writes “ There is an important distinction between these two types of t himnyin ^ 
and ' hnangyi The former can be grown either as early or as late sesamum. 

^The Words early aixd late in tMs |)aper are Bsed to denote the types grown in the early monsoon (April 

to June) and late rnonBoon (September to November) and not to indicate life-period. 
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Tlie latter is strictly a cold season crop producing, when sown early in the monsoon, I 

much vegetative growth but failing to bear flowers and fruit/' With this we are in 
agreement except that bocasionally abortive flowers may be produced, 

InhEBITANOE Of early A^^D LATE OHARACTEBS. 

In 1930 by growing both early and late types in the cold season crosses were 
made. In 1931 part of the was grown in the monsoon season, some at Mandalay 
and isome at Tatkon. Both crops were identical in that the late character was 
dominant. The remainder of the was grown in the late season to produce seed 
and this was sown in the early season of 1932. At Mandalay the croj) failed but 
at Tatkon a fair stand was obtained and the following counts made 


Table 1. 

of Tkadunbyu 30 — 1 (late) X Pyegyi 23—135 {early). 



Late , • 

i 

Early 


Number 

. Per cent. 

Number 

l^er cent. 

Observed . . 

2214 

74*25 

761 

.25*75',-.- 

Expected (3:1). 

2231*25 

75*00 

743*75 

25-00 

Actual error 

• . 

*75 

» . 

•75 

S. E. of expectation 


•79 

* • 

*79 


There seems little doubt that one principal pair of genes is concerned though the 
occurrence of a few somewhat intermediate ty|)es, here classified as ‘ lates, ' suggests 
that other modifying factors may also occur. In Plate XXXI, fig. 1 are represented 
two hybrid Pgi plants, the one on the left showing the profuse vegetative growth of a 
late type when grown in the monsoon. The Fj showed some heterosis in all cases. 

Differentiating CHARACTERS. 

There is much variation in the morphological characters of the sesamum plant, 
a single character often varying on the same plant or even on the same branch. 
This occurs in such characters as the shape of the leaves, the position of the flow^ers, 
the number of fruits per axil and the number of loculi per capsule. This classifica- 
tion is based on seed colour, branching habit, number of flowers per axil, number of 
loculi per capsule and hairiness of capsule. In spite of the variability which some 
of these characters . exhibit it is not difficult to determine to which type a plant 
belongs because variation occurs mainly on the lower or upper parts only and con- 
sideration of the main form decides the classification. 


(a) The branching habit. — The number of branches produced by plants of different 
varieties of sesamum varies widely. In some varieties most of the plants have no 
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braaclies, while in a few of the more vigorous plants one or two pairs of branches may 
be formed in the axils of the lowest leaves. In the branched varieties, branches are 
formed right up the main stem with only a small part of it left for the production of 
the flowers of the terminal inflorescence. Tliese branches again produce secondary 
branches ending in inflorescences. Varieties intermediate in branching habit be- 
tween these two extremes occur and these are included in the branched group in 
the classification. As the degree of branching affects the life-period of the plant, 
this variation in branching habit is one of the most important characters in Burmese 
sesamums. The unbranehed varieties flower early and the life-period is short. 
They succeed in the dry tracts where rainfall is scanty and uncertain, conditions 
under which the branched types with a longer life-period would fail. The latter 
varieties, however, are suitable for places where the rainfall is good or where the 
soil is retentive of moisture. 

(&) Number of caf sales . — Generally one flower with two yellow extra-floral nec- 
taries are borne in each leaf -axil. In some types, however, one or both of the these 
develop into flowers which set fruit, so that plants bearing one, two or three 
capsules occur, in the last two cases producing a whorled appearance. In certain 
types the lower axils bear only one capsule each, while the upper ones bear two or 
three (Plate XXXI, fig. 2). 

{g) Number oflomiH.—Ihe number of loculi in a capsule may be four, six, eight 
or occasionally ten. Capsules having different numbers of loculi are met with on 
the same plant and also in the same axil of the whorled types, the central capsule 
of which may be of six or eight loculi while the lateral ones have only four each. 
These are classified as multilocular. Kashi Earn [1930] states that types with more 
than one multilocular capsule per axil never occur, but they occur in Burma, e.g.. 
Type 7 (Plate XXXI, fig. 2). 

With increase in the number of loculi the length of the capsule often decreases. 
Nevertheless the capsules having a greater number of loculi produce most seed. 

(d) Seed-coat colour. — ^Black, white, yellow, reddish brown and drab are the 
commonest colours. Other colours less frequently met with are grey, olive green, 
dark brown, etc. An attempt to elucidate the inheritance of testa colour was not 
successful. In 1928 a black early was crossed with a white. The Fj was black and 
heterosis noticeable. No precautions against natural crossing in the Fj were taken 
and the Fg produced a large range of colours which defied classification. 

McLean [1932] has dealt with the commercial preference as regards seed 
colour. 

(e) Hairiness of mpstdes . — All types bear longer or shorter hairs on the capsules 
and other parts. The character is variable but there is little difficulty in dividing 
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it into two groups, “hairy,” having abundant long hairs and “ slightly hairy,” 
having fewer short hairs. 

Sepaloid condition. 

One of the commonest complaints of Burmese sesamum is that known as “ fothe” 
in which the flowers are modified in various ways leading to the abortion of the 
ovules or the complete suppression of the floral organs or both. Descriptions of the 
morphology of sepaloid flowers have been given by McGibbon [1924] and Eoy [1930]. 
The percentage of affected plants varies with the type and season and so is to some 
extent capable of being selected out. Odell [1925] records that seed from the lower 
capsules of affected plants did not show as much sepaloidy in the progeny as seed 
from normal plants of the same strain. The condition is most common amongst 
uubranched types [ see under Association of Characters]. 

Measurements. 

During the season 1924, measurements of the height, size of capsules, number 
of capsules per plant, etc., were made in every strain under observation. Similar 
measurements were also made in their progeny in the following season. The 
average figures of three strains in each class for the years 1924 and 1926 are given 
below ; — 

Table II. 

Measurements of branched and u'lihranched early sesamtims. 





Size op capsules 



Height 

Ho. of 




Life- 

Type 


capsules 

Length 

j Breadth 

Thick- 

period in 


cm. 

per plant 



> ness 

days 




cm. 

I cm. 

cm. 


(1924 

107 

81 

1: 

0-8 

0*6 

83 

tJnbranclxed, 4 loculi per capsule < 







(l925 

117 

76 

■I 

0*8 

0*6 

85 

I 

(1924 ’ 

112 1 

66 

2-9 

1-1 

1-1 1 

84 

TJnbranched, 8 loculi < 







(1925 

99 I 

64 

2*5 

ro 

1*0 

85 

( 1924 

112 

187 

2-7 

0*8 

0*6 

96 

Branched, 4 loculi J 







(1925 

135 

279 

2*9 

0*6 

0*5 

96 

(1924 

91 j 

1G3 

2*2 

l‘l 

1*1 

96 

Branched, 8 loculi ] 







(l925 

97 

174 

2*6. 

1*0 

1*0 

95 
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Association OF CHARACTERS. 

By the use of four-fold tables association between various characters has been 
demonstrated and shown in Table III together with the values of x® Rnd P, the 
former being a measure of the probability of independence so that the higher 
the values of x® the higher the degree of association, while P, the probal>ility of 
independence, will in that case be very small. The full data, arc given in the 
Appendix. 

Table III. 

Association beiwem characters. {Early varieties). 



X 

. P ■ , 

Branching and nnmher of capsules per axil 

11-6600 

0*0086 

Branching and seed colour 

12*640 

0*0056 

Branching and number of loculi 

0*2816 

0-9507 

Seed colour and number of loculi 

3*8880 

0-2736 

Number of capsules and number of loculi 

10*319 

0*0172 

Seed colour and number of capsules 

10*9042 

0*0122 

Branching and sepaloidy 




It appears that branching is associated with both seed colour and number of 
capsules per leaf-axil, black or dark coloured seed and single axillary capsules 
being commonest amongst branched types. Branching and number of loculi per 
capsule are independent. There is sm§ll association between seed colour and 
number of loculi, types with coloured seed being somewhat more numerous in the* 
4-locular class, while number of capsules is definitely associated with numbers of 
loculi and seed colour, the types with more than one capsule per axil having 
usually four loculi and coloured seed being commonest with the single capsules. 
The unbranched types are more severely affected by the sepaloid condition than 
the branched types. 

Classification OF ‘ EARLY ’ TYPES. 

One hundred and fourty-four cultures were grown in 1924. These were 
selected from a larger number grown in 1923 which contained some late types. 
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All cultures were grown on the Tatkon farm. The characters used for classiftca- 
tion are (1) Branching, (2) Seed-coat colour, (3) Numher of capsules per axil, 
(4) Numher of loculi per capsule, and (6) Hairiness of capsule. 

The Burmese names and register numbers of the principal selections are added. 

Key to the types of Burmese ‘ eably ' sesamums. 

A. — ^Plantpbranched— 

(1) Nximber of capsules—one per axil— 
oc. — ^Loculi — ^four per Oapsule — 

a* Capsules hairy • . . ... Type 1 

6. Capsules slightly hairy . . . . . Type 2 

p.— Loculi— more than four per capsule— 

а. Capsules hairy . . . . .. • Type 3 

б. Capsules slightly hairy . , . . . Type 4 

(2) Number of capsules — more than one per axil— 
a. — Loculi — our per capsule — 

а. Capsules hairy ...... Type 5 

p. — Loculi — ^more than four per capsule— 

CL Capsules hairy . . . , . , Type 6 

б. Capsules slightly hairy . . . . . Type 7 

II. — Seeds white — 

(1) Number of capsules — one per axil — 
a. — ^Loculi — four per capsule — 

a. Capsules hairy . . . . , . Type 8 

h. Capsules slightly hairy . . . , . Type 9 

(i. — ^Loculi — ^more than four per capsule — 

a. Capsules hairy Type 10 

h. Capsules slightly hairy . . . . . Type 11 

(2) Number of capsules— more than one per axil — 

a.— Loculi— four per capsule— 

а. Capsules hairy . . • . . . Type 12 

б. Capsules slightly hairy . . . , , Type IS 

III. — Seeds drab— 

(1) Number of capsules — one per axil — 
a. — ^Loculi — ^four per capsule — 
a. Capsules hairy . . . ... Type 14 

p.— Loculi— more than four per capsule — 
a. Capsules hairy . . . , . , Type 16 

h. Capsules slightly hairy . , . , , Type 16 
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(2) Niiixiber of capsules — more than one per axil— 



a,— Loculi— four per capsule— 


1 

a. Capsules hairy . . • • • 

. Type 17 

1 

IV,— Seeds brown— 

(1) Number of capsules— one per axil — 


, 1' 

a. — ^Loculi — ^four per capsule — 
a. Capsules hairy . . . . • 

. Type 18 

I 

f 

6. Capsules slightly hairy . , 

. Type 19 

p,— Loculi— more than four per capsule— 
a. Capsules hairy 

. Type 20 


6. Capsules slightly hairy , . . 

. Type 21 

1 

1 

B.— Plants unbranched — 


i 

t 

L— Seeds black — 

(I) Number of capsules — one per axil — 

— ^Loculi — ^more than four per capsule— 

6. Capsules slightly hairy . . . . 

. Type 22 

, '1 

■ ' ' "! 

1 

I 

(2) Number of capsules — ^more than one per axil— 
Loculi — ^more than four per capsule — 
a. Capsules hairy .... 

. Type 23 

f 

II.— Seeds white— 

(1) Number of capsules— one per axil — 


a.— Loculi — ^four per capsule — 



. Capsules hairy . . . . . 

. Type 24 


&. Capsules slightly hairy , 

. Type 25 


p. — Loculi — ^more than four per capsule — 
a. Capsules hairy . . . 

. Type 26 

j 

6. Capsules slightly hairy . . . . 

. Type 27 

i 

(2) Number of capsules — ^more than one per axil— 
a.— Loculi— four per capsule — 
a. Capsules hairy 

. Type 28 

' i 

' ' i 

1 

' , ■ "i 

b. Capsules slightly hairy . 

. Type 29 

.'-I 

p. — ^Loculi — ^more than four per capsule — 
Capsules hairy 

. Type 30 

■" ' ' 

■ "i 

IIT.-Seeds drab- 

(1) Numberof capsules—oneperaxii— 



a.—Loculi—fourpercapsule— 

. Type 31 

1 

1 

f 
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Loculi — ^more than four per capsule — ■ 

6, Capsules slightly hairy . 

(2) Number of capsules — more than one per axil 
oc. Loculi— -four per capsule 
a. Capsules hairy ... 

IV. Seeds brown. . 

(2) Number of capsules — ^more than one per axil 
a. Loculi— four per capsule 

a. Capsules hairy . ... 

Description of early types. 

Typel, — Plants tall (117 cm,), much branched; leaves small, light green, 
petioles dull red, lower leaves ovate, serrated, middle leaves lobed trifoliolately, 
serrated and upper leaves linear-lanceolate, entire ; flowers opposite, pink, not 
mottled, hairy, (length of corolla) 4*1 cm. X (diameter of tube) 1 cm., capsules 
solitary, hairy, short, 2*9 cm. X 0*6 cm., 4 loculi, seeds black ; life-period 82 days. 

Type 2.~PIants medium height (107 cm.), branched; leaves small, light green, 
petioles dull red, lower leaves ovate, entire, middle leaves lobed trifoliolately, 
serrated, upper leaves linear-lanceolate, entire ; flowers alternate, pink, not mottled, 
slightly hairy, 4*1 Xl cm., capsules solitary, slightly hairy, short, 2*9 X 0*6 cm., 4 
loculi, seeds black ; life-period 92 days. P 2 /e(/ 2 /i). 

Type 5.— Plants short (86 cm.), branched ; leaves large, greyish green, petioles 
red, lower leaves narrowly ovate, entire or slightly serrated, middle leaves lobed 
deeply, serrated, upper leaves linear-lanceolate, entire ; flowers alternate, white, not 
mottled, very hairy, very short, 2*2 X 1 cm.; capsules solitary, hairy, short, 2*6 X 1 
cm., 8 loculi, seeds black ; life-period 80 days. 

4. — Plants short (91 cm.), branched; leaves medium size, light green, 
petioles red, lower leaves ovate, entire, middle leaves lobed deeply, serrated, upper 
leaves linear-lanceolate, undulate or entire ; flowers alternate, white, not mottled, 
slightly hairy, 3*8 X 1 cm.; capsules solitary, slightly hairy, short, 2*4 X 1 cm., 
8 loculi, seeds black ; life-period 93 days. 

5. — Plants short (91 cm,), branched ; leaves large, dark green, petioles 
red, lower leaves ovate, slightly serrated, middle leaves lobed trifoliolately , 
serrated, upper leaves linear-lanceolate, entire ; flowers alternaf-e, light pink, 
mottled, hairy, (3*8 X 1 cm.) ; capsules 2 to 3 per axil, hairy, short (2*5 X 0*6 cm.), 
4 loculi, seeds black ; life-period 80 days, 

■ ' I 


Type 32 

Type 33 


Type 34 


486 


INDIAH JOXJBHAL OF AGRIOtJLTURAL SCIENCE 


[III, III, 


; Type 6,'— 7lmU mecliiim height (112 cm.), medium branched, leaves large, dark 

! green, petioles red, lower leaves narrowly ovate, serrated, middle leaves lobed 

trifoliolately, serrated, upper leaves linear-lanceolate, serrated ; flowers alternate, 
pink, not mottled, very hairy, large (4 X 1 cm.) ; capsules 2 to 3 per axil, very hairy, 
long (3'2 Xl*l cm.), 6 to 8 loculi, seeds black ; life-period 80 days, 
j Type y.— Plants short (86 cm.), branched: leaves small, dark green, petioles 

I ; red, lower leavers ovate, serrated, middle leaves lobed, narrow, serrated, upper 

leaves linear-lanceolate, entire ; flowers alternate, deep pink, deeply mottled, 
slightly hairy, large (4*1x1 cm,.); caxisules 3 per axil, slightly hairy, (3*2X0*8 
cm.), 6 to 8 loculi, seeds black ; life-period 83 days. 


Plants short (90 cm.), branched; leaves greyish green, petioles red, 
lower leaves narrowly ovate, serrated, middle leaves ovate, lobed, much serrated, 
upper leaves lanceolate, serrated ; flowers alternate, pink or deep pink, mottled, 
hairy, large (4*3 X 1*1 cm.) ; capsules solitary, hairy, (3x0*6 cm.), 4 loculi, seeds 
white ; life-period 85 days. 

Type 5.— Plants short (90 cm.), branched, leaves medium size, dark green, 
petioles light purple, lower leaves ovate, slightly serrated, middle leaves lobed 
trifoliolately, serrated, upper leaves linear-lanceolate, entire : flowers alternate, deep 
pink, not mottled, slightly hairy, (4*1 X0*8 cm.) ; capsules solitary, slightly hairy, 
short (2'8 XO‘6 cm.), 4 loculi, seeds white ; life-period 83 days. (Gwagale 25 — 6.) 


,70.— Plants medium height (107 cm.)., branched; leaves large, dark 
green, petioles red, lower leaves ovate, serrated, middle leaves lobed trifoliolately, 
mucli serrated, upper leaves linear-lanceolate, entire ; floivers alternate, pink or 
deep pink, mottled, very hairy, large (4*3x1 cm.); capsules solitary, hairy, short, 
thick (2*9 X 1*1 cm.), 6 to 8 loculi, seeds white ; life-period 80 days. 

Type ii.— Plants short (96 cm.), branched, leaves medium size, greyish green, 
petioles red, lower leaves narrowly ovate, serrated, middle leaves lobed deeply to 
trifoliolately, slightly serrated, upper leaves linear-lanceolate, entire ; flowers 
opposite, white to light pink, not mottled, slightly hairy, (4*1X1 cm.,) ; capsules 
solitary, slightly hairy, short (2*5X1 cm.), 6 to 8 loculi, seeds white, life-period 
86 days. {Shwepothagaung 25— 82-) 

70.— Plants short (90 cm.), branched, leaves large, dark green, petioles 
red, lower leaves narrowly ovate, slightly serrated, middle leaves lanceolate, lobed, 
serrated, upper leaves linear-lanceolate, entire ; flowers opposite and alternate, 
white, not mottled or deep pink mottled, hairy (4 x1 cm.) ; capsules 2 to 3 per axil, 
hairy, long (3*2x0*7 cm.), 4 loculi, seeds white ; life-period 80 days. 

Type 73. — ^Plants medium height (112 cm.), branched, leaves small, light green, 
petioles light purple, lower leaWes ovate, serrated, middle leaves broadly . ovate, 
lobed, serrated, upper leaves Imear-lanceolate, undulate ; flowers opposite, white, 
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not mottled, slightly hairy, (4iXl cm.); capsules 3 per axil slightly hairy, 
(2‘9x0*5 cm.) ; 4 loculi, seeds white ; life-period 82 days. 

Type ./^.--Plants short (96 cm.), much branched, leaves small, greyish-greeii, 
petioles red, lower leaves broadly ovate, serrated, middle leaves ovate, lobed, much 
serrated, upper leaves linear-lanceolate, entire; flowers alternate, pink to deep 
pink, not mottled, hairy (4x1 cm.) ; capsules solitary, hairy, long (3*3 X 0*8 cm.), 
4 loculi, seeds drab ; life-period 80 days. 

Type 75.— Plants short (91 cm.), much branched; leaves small, dark green, 
petioles red, lower leaves ovate, entire, middle leaves ovate, lobed, serrated, upper 
leaves linear-lanceolate, entire ; flowers alternate, pink, not mottled, hairy (3*2x1 
cm.) ; capsules solitary, hairy, short (2*5x1 cm.), 6 to 8 loculi, seeds greenish 
grey ; life-period 87 days. 

Type Plants tall (116 cm.), branched; leaves small, dark green, petioles 
red, lower leaves ovate, slightly serrated, middle leaves deeply trifoliolately lobed, 
serrated, upper leaves linear-lanceolate, entire; flowers alternate, pink, mottled, 
slightly hairy, large (4‘3xl’3 cm.) ; capsules solitary, slightly hairy (2*6 X 1*1 cm.), 
8 loculi ; seeds drab ; life-period 80 days. 

Type 17. —Plants short (86 cm.), medium branched; leaves large, dark green, 
petioles red, lower leaves broadly ovate, serrated, middle leaves lobed, much 
serrated, upper leaves lanceolate, entire ; flowers opposite, light pink, mottled, very 
hairy (4x1 cm.), capsules 3 per axil, hairy (3x0*6 cm.), 4 loculi, seeds drab ; life- 
period 83 days. 

Type 18, — Plants medium height (106 cm.), branched ; leaves medium size, 
light green, petioles red, lower leaves ovate, entire, middle leaves lobed, serrated, 
upper leaves linear-lanceolate, slightly serrated; flowers alternate, pink, faintly 
mottled, hairy (4x1 cm.) ; capsules solitary, hairy (2*9x0‘6 cm.), 4 loculi, seeds 
brown ; life-period 92 days. ^ 

Type 19 , — Plants short (96 cm.), bra.nched ; leaves large, dark green, petioles 
red, lower leaves narrowly ovate, entire, middle leaves lobed, serrated, upper leaves 
linear-lanceolate, entire ; flowers opposite, light pink, not mottled, slightly h<airy 
(4*1 X0*8 cm.) ; capsules solitary, slightly hairy, long (3‘2x0*6 cm.), 4 loculi ; seeds 
brown; life-period 80-90 days. {Enanni 25-WO). 

Type 20, — Plants short (88 cm.), branched ; leaves small, dark green, petioles 
green, lower leaves ovate, entire, middle leaves lobed trifoliolately, serrated, upper 
leaves linear-lanceolate, entire ; flowers alternate, white, not mottled, hairy (3*9 Xl 
cm.) ; capsules solitary, hairy, short (2*6x1 cm.), 6 to 8 loculi, seeds brown ; life- 
period 85 days. 

Type 21. —Plants medium height (107 cm.), branched ; leaves small, light green, 
petioles red, lower leaves broadly ovate, entire, middle leaves lobed trifoliolately, 
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sligMly serrated, upper leaves linear-lanceolate, entire ; flowers alternate, white, 
not mottled, slightly hairy (4 X1 cm.) ; capsules solitary, slightly hairy, very short 
(2'4 XO‘8 cm.), 6 to 8 loculi, seeds brown ; life-period 92 days. 

22.— Plants short (70 cm.), unbranched ; leaves small, dark green, petioles 
red, lower leaves broadly ovate, entire, middle leaves lobed trifoliolately, 
serrated, upper leaves linear-lanceolate, entire ; flowers alternate, light pink, not 
mottled, slightly hairy (3-8 X 11 cm.) ; capsules solitary, slightly hairy, very short 
(2'2 Xll cm.), 8 loculi, seeds black ; life-period 80 days. 

Type 23.— Plants short (90 cm.), unbranched ; leaves medium size, dark green, 
petioles red, lower leaves ovate, entire, middle leaves lobed deeply, serrated, upper 
leaves linear-lanceolate, entire; flowers opposite, pink, mottled, very hairy (3-8x1 
cm.) ; capsules 3 per axil, hairy, short (2-5 Xll cm.), 6 to 8 loculi, seeds black ; 
life-period 83 days. 

2’^pe 24.— Plants tall (127 cm.), unbranched; leaves large, dark green, petioles 
red, lower leaves ovate, serrated, middle leaves ovate, lobed deeply, serrated, 
upper leaves linear-lanceolate, slightly serrated ; flowers alternate, pink, not mottled, 
hairy (4-3 xri cm.) ; capsides solitary, hairy (2-8X0-6 cm.), 4 loculi, seeds white ; 
life-period 82 days. (Thadunbyu 

Type 25 . — Plants tall (132 cm.), unbranched; leaves large, dark green, petioles 
red, lower leaves ovate, slightly serrated, middle leaves ovate, lobed, serrated, 
upper leaves linear-lanceolate, entire ; flowers alternate, pink, not mottled, slightly 
hairy (4-1x1 cm.) ; capsules solitary, slightly hairy (2-9 xO-6 cm.), 4 loculi, seeds 
white ; life-period 80 days. 

Type 26. — Plants short (90 cm.), unbranched ; leaves medium size, light green, 
petioles light purple, lower leaves narrowly ovate, entire, middle leaves ovate, 
lobed, serrated, upper leaves linear-lanceolate, entire ; flowers alternate, deep pink, 
mottled, hairy (4-1 X 1-1 cm.); capsules solitary, hairy, short (2-6x1 cm.), 8 loculi, 
seeds white ; life-period 80 days. 

Type 27.— Plants tall (132 cm.), unbranched, leaves large, dark green, petioles 
red, lower leaves ovate, slightly serrated, middle leaves ovate, lobed trifoliolately, 
serrated, upper leaves linear-lanceolate, entire ; flowers alternate, white or pink, 
not mottled, slightly hairy (4-Sxi cm.) ; capsules solitary, slightly hairy, short 
(2-8x1 cm.), 8 loculi, seeds white ; life-period 80 days. (Hnangyi 26-187.) 

Type 28. Plants tall (130 cm.), unbranched, leaves large, dark green, petioles 
red, lower leaves narrowly ovate, much serrated, middle leaves lobed deeply, 
serrated, upper leaves linear-lanceolate, entire ; flowers opposite, deep pink, mottled, 
slightly hairy, large (4-4x1 cm.) ; capsules 3 per axil, hairy, long (3-2X0-8 cm.), 
4 loculi, seeds white ; life-period 94 days. {Tainydaung 26-181.) 


' '■ Aov 

OMSSIHCATIOH 01' BOBMESB SESAMOMS 

Type 29.— Plants short (96 cm.), unbranched ; leaves small, greyish ^^en^ 
petioles red, lower leaves ovate, serrated, middle ® ^ 

trifoliolately, serrated, upper leaves linear-lanceolate, entire , owers a . ^ 

not mottled, slightly hairy (4-lXl cm.); capsules 2 to 3 per axil, slightly hairy 

(2'9 x0‘8 cm.), 4 loculi, seeds white ; life-period 82 days. , , _ -nA+ioles 

Type d9.-Plants short (91 cm.), unbranched ; leaves small dark 
„d, lower leave, ovate, serrated, middle leave, ovate, lobed 

upper leaves liaear-lanceolate, entire; flowers opposite, wp piur, hairv 

W ( 3 - 8 x 1 cm.); capsules 2 to 3 per axil, tb. lowe.t pam ofteu 

(2-6x1 cm.), 8 locuU, witbafew lateral capsules oldloeuli; seeds wlnte, Me 

* J’i,5>e3/-PlautB sliort (90 cm.), unbranched; leaves smaU, light 

red, lomr leave, ovate, entire, middle leav«i narrowly ovate, ' 

upper leaves linear-lanceolate,' entire ; flowers opposite, pink, no \ v . 

hairy (3‘8Xl cm.); capsules solitary, hairy (2‘8X0‘6 cm.), ocui, > 

\ype 52.— plants tall (122 cm.), unbranched ; leaves large, dark green, 
red, lower leaves narrowly ovate, slightly serrated, middle leaves ^ 

serrated, upper leaves linear-lanceolate, entire ; flowers alternate, deep 
mottled, slightly hairy (4-lXl-l cm.); capsules solitary, slightly hairy, short 

{2-5 Xl'l cm.), 8 loculi, seeds drab ; life-period 82 days. _ ^ 

Xype .33.— Plants short (76 cm.), unbranched ; leaves large, dark green, pe i 
light green, lower leaves broadly ovate, middle leaves ovate, lobed, much serrated, 
upper leaves lanceolate, entire ; flowers opposite, light pink mottled, very auy 
(3 8X1 cm.) i capsules 3 per axil, very hairy (2-9XO-8 cm.), 4 loculi, seeds drab , 

life-period 78 days. ' . . v.Ari 

Xype 34.— Plants short (76 cm.), unbranched ; leaves medium size, petioles red, 

lower leaves broadly ovate, slightly serrated, middle leaves ^ ’ 

.crrstKl, upper leaves lanceolate, entire ; flowers opposite, pink, not mottM, ve J 
hairy (4-1X1 cm.); capsule, 3 per axil very hairy ( 2 - 7 x 0 '8 cm.). 4 locuh, seed. 

brown ; life -p6riod 89 days. {Boktaung 25’22b.) 

Late sesamem. 

The late sesamums amount to about twent-five per cent, of the total area under 
sesamum in Buima. They are grown all over the plains and form the prmcipa 

class in Lower Burma. -wwwvww-io-m-f 

Fewer late types have been studied than early. They are no'so i p 
and do not appear to be so numerous. The same characters are used for classifi- 
cation. 
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Key to the types of Burmese ‘ late ’ sesamum. 


A— Plants branciied, 

I— Seeds black. 

(1) Number of capsules — one per axil, 
a — Loculi— four per capsule. 

a. Capsules hairy .... 

b. Capsules slightly hairy. 

P— Loculi — more than four per capsule. 

a. Capsules hairy .... 

b. Capsules slightly hairy . . 

(2) Number of capsules — more than one per axil. 

a— Loculi- -four per capsule. 
a. Capsules hairy. . . 

II— Seeds white. 

(1) Number of capsules — one per axil, 
a — ^Loculi— four per capsule. 

a. Capsules hairy .... 

b. Capsules — slightly hairy 

P — Loculi — ^more than four per capsule. 
b. Capsules slightly hairy . 
in — Seeds drab. 

(1) Number of capsules — one per axil, 
a — ^Loculi— four per capsule. 

a. Capsules hairy . • • 

P — ^Loculi— more than four per capsule. 
a. Capsules hairy . . . . 

IV — Seeds brown. 

(1) Number of capsules — one per axil, 
oc — Loculi — ^four per capsule. 

a. Capsules hairy . . . . 

b. Capsules slightly hairy . . 

B— Unbranohed. 

11— Seeds white. 

(2) Number of capsules— more than one per axil, 
a— Loculi— four per capsule. 

а. Capsules hairy . . . , 

б. Capsules slightly hairy . . . 

P — ^Loculi— more than four per capsule. 

a. Capsules hairy . . . . 


. Type I 
. Type 2 

. Type 3 
. Type 4 


• Type 5 


. Type 6 
. Type 7 

. Type 8 


. Type 9 
. Type 10 


. Type 11 
. Type 12 


.Type 13 
. Type 14 

. Type 15 
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Disceiption of types of bate SESAMXJM. 

1. — -Plants medium height (106 cm.)? branched ; leaves light- green petioles 
dull red, lower leaves ovate, serrated, middle leaves lohed trifoliolately, serrated and 
upper leaves linear-lanceolate, entire ; flowers opposite, deep pink, not mottled, 
very hairy ; capsules solitary, hairy, short, 2*4 X 0*9 cm., 4 loculi; seeds black; 
life-period 105 clays. 

2. — Plants short (76 to 100 cm.), branched; leaves light green, petioles 
dnll red, lower leaves ovate, serrated, middle leaves trifoliolately iobed, serrated and 
upper leaves linear-lanceolate, entire ; flowers alternate, deep pink, not mottled, 
hairy ; capsules solitary, slightly hairy, short, 2*3xO*9 cm., 4 loculi ; seeds black ; 
life-period 106 days. 

5.— Plants short (86 cm.), branched ; leaves dark green, petioles red, lower 
leaves ovate, entire, middle leaves ovate to lanceolate, entire ami upper leav 
linear-lanceolate, entire ; flowers alternate, pink, not naottled, hairy; capsules 
solitary, hairy, short, 2 X 1 cm., more than 4 loculi ; seeds black ; life-period 105 
days. 

Type J.--- Plants short (76 cm.), branched ; leaves light green, petioles dull red, 
lower leaves ovate, slightly serrated, middle leaves trifoliolately lobed, serrated 
and upper - leaves linear-lanceolate, entire ; flowers alternate, deep pink, not 
mottled, hairy ; capsules solitary, slightly hairy, short, 2*1 Xl cm., more than 4 
loculi ; seeds black ; life-period 105 days. 

Type -S.-— Plants short (86 cm.), branched ; leaves light green, petioles dull red, 
lower leaves ovate, entire, middle leaves ovate to lanceolate, slightly serrated 
and upper leaves Imear-lanceolate, entire; flowers opposite and alternate, deep 
pink, deeply mottled, hairy; capsules more than one per axil, hairy, short, 
1*8X 0*8 cm., 4 loculi; seeds black; life-period 105 days. 

Type d.— Plants very short (60 cm.), semi-branched ; leaves light green, hairy, 
petioles green, lower leaves ovate, serrated, middle leaves trifoliolately lobed, 
serrated and upper leaves linear-lanceolate, entire ; flowers alternate, small, pink, 
not mottled, very hairy ; capsules solitary, very hairy, 3x0*9 cm., 4 loculi ; seeds 
white ; life-period 76 days. 

7.— Plants very short (60 cm.), branched; leaves light green, petioles 
dull red, lower leaves ovate, serrated ; middle leaves lanceolate, serrated and upper 
leaves liuearTlanceolate, entire ; flowers alternate, pink, not mottled, hairy ; 
capsules solitary, slightly hairy, short, 2*6 X 0*6 cm., 4 loculi ; seeds small, white ; 
life-period 71 days. 

Type 8. — ^Plants very short (60cm.), branched; leaves light green, petioles 
dull red, lower leaves ovate, serrated, middle leaves lanceolate, serrated and 
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upper leaves linear-lanceolate, entire ; flowers opposite or alternate, pink, not 
mottled, hairy ; capsules solitary, slightly hairy, 2*5 to 3x1 cm., more than 4 
loculi per capsule ; seeds small, white ; life-period 71 days. 

Type .9. -“-Plants short (86 cm. ), branched ; leaves light green, petioles dull red, 
lower leaves ovate, entire, middle leaves ovate to lanceolate, slightly serrated 
and upper leaves linear-lanceolate, entire : flowers alternate, deep pink, deeply 
mottled, hairy ; capsules solitary, hairy, very short, r8x0'8 cm., 4 loculi ; seeds 
medium size, drab ; life-period 105 days. 

Type Plants short (86 cm.), branched ; leaves light green, petioles dull 
red, lower leaves ovate, entire, middle leaves ovate to lanceolate, slightly serrated 
and upper leaves linear-lanceolate, entire ; flowers alternate, deep pink, deeply 
mottled, hairy; capsules solitary, hairy, very short, l’8xl*0 cm., more than 4 
loculi per capsule ; seeds drab ; life-period 106 days. 

Type iJ.— Plants tall (152 to 172 cm.), branched ; leaves light green, petioles 
green to dull red, lower leaves ovate, slightly seiTated, middle leaves trifoliolately 
lobed. serrated and upper leaves linear-lanceolate, entire ; flowers alternate, deep 
pinlc, not mottled, very hairy ; capsules solitary, hairy, 2*5 to 2*7 X 1*0 cm., 4 
loculi ; seeds brown ; life-period 110 days. 

Type very tall (172 to 182 cm.), much branched ; leaves dark 

green, large, petioles dull red, lower leaves ovate, middle leaves lobed deeply to 
trifoliolately, serrated and upper leaves linear-lanceolate, entire ; flowers deep 
pink, faintly mottled, hairy; capsules solitary, slightly hairy, 3*0 XO‘9 cm., 4 
loculi; seeds brown ; life-period 107 days. 

Type 13. — ^Plants short (90 cm i), unbranched ; leaves light green, petioles 
green, lower leaves ovate, entire, middle leaves ovate to lanceolate, entire and 
upper leaves linear-lanceolate, entire ; flowers opposite, deep pink, mottled, very 
hairy ; capsules more than one per axil (in lower axils solitary), very hairy, 2*8 X 0*8 
cm., 4 loculi ; seeds large, white ; life-period 91 days. 

Type 14. — Plants tall (120 to 130 cm.), unhranched ; leaves dark green, petioles 
dull red, lower leaves ovate, entire, middle leaves ovate to lanceolate, entire and 
upper leaves linear -lanceolate, entire ; flowers alternate, pink, not mottled, hairy ; 
capsules solitary at the lowest two nodes but more than one per axil above, slightly 
hairy, short, 2*1 Xl'O cm., 4 loculi ; seeds large, white ; life-period 76 days. 

Type 15.-— Plants short (90 cm.), unbranched ; leaves and petioles light green, 
lower leaves ovate, entire, middle leaves ovate to lanceolate, entire and upper leaves 
linear-lanceolate, entire ; flowers opposite, deep pink, mottled, very hairy ; capsules 
solitary at the lowest nodes and more than one per axil above, very hairy, more 
than 4 loculi ; seeds white ; life-period 91 days. 
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StJMMAKY. 

1. The distinction between monsoon and winter sesanuim varieties is empha- 
sised and the result of crosses between these two types recorded. The crosses 
indicate that the late (winter) character is dominant and that one principal gene 
is concerned. 

2. The occurrence of association between various characters was tevsted by 
means of four-fold tables and the results are recorded. 

3. Classification is based on branching habit, seed-coat colour, number of 
capsules per axil, number of loculi per capsule and hairiness of the capsule. 

4. Thirty -four types of early (monsoon) sesamum and fifteen types of late 
(winter) sesamum are described, 
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Appendix. 

The fourfold tables from which the values of and P in Table III were 
calculated are given below, 

I . Branching and number of mpsuhs per axil. 



Brakcheb 

IIXBRANCHEB 


f One capsule 

Over one capsule 

One capsule 

Over one capsule 

Obserred {mA’Cv) 

153 

21 

1 

36 

17 

Expected (m) 

144-87 

29*13 

44*13 

8-87 

X 

w. 

0-4562 

2*2656 

1-4955 

7-4617 


X^=n;6690. P=‘0086. 
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tm, in. 


2. Branching and seed-coat colour. 



Beanched 

UXEEAKCHBD 

i 


White 

I 

Coloured 

White 

Coloured 

Observed 

104 

69 

46 

7 

Expected (m) 

114*82 

58-18 

36-18 

17-82 

' f! 


2-012 



m 

1-019 

3*040 

6-569 


X“=12-640, P=*0065. 

S. Branching and number of loculi per capsule. 


' 

Beakched 

UjS'BEANCHED 


4 loculi 

Over 4 loculi 

4 loculi 

Over 4 loculi 

Observed (m'j-a;) 

94 

79 

31 

22 

Expected (m) 

96-68 

77-32 

29-32 

23-68 

' 'f! ' 

. m 

0-0296 

0-0365 

0-0963 

j 0-1192 


X'=0-2816. P=-9607. 

4. Seed-coat colour and number of loculi. 



White 

! COLOUEEP 


1 4 loculi 

Over 4 loculi 

4 loculi 

i 

Over 4 loculi 

Observed 

76 

74 

49 

27 

Expected {m} 

, ;■ £1!^ 

82*964 

1 

67-036 

42-036 

33-964 

''m\ 

0-684 

0-723 

1-163 

1-428 


X°=3-888. 


=•2736. 
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5. Number qf capsules per axil and number of loouU per capsule 


Oke capsuijB Over oke capsule 


1 4 loculi Over 4 loculi 


Observed (m-h®) 
Expected (m) 



X^=10*319. 


P=*0172. 



6, Seed-coat colour and number of capsu le. 


COLOUEEB 


One capsule Over one capsule One capsule Over one capsule 


X"=10-9042; P=0122, 

7. Branchiag and sepaloidy. 



Observed (w4*a?)‘ 

» 

Expected (m) 


Beakchep 

High 

Low 

susceptibility 

susceptibility 

63 

101 

76*04 

87-96 

2*236 

^9331 


Ua^beaa'Cheb 


High ^ 
suscoptibilitj 


Low 

susceptibility 
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I.— Introdtiction. 

The present investigation deals with the nature and etiology of 
^ 1 i l id E parasitic on DoUchos LaUah Linn., its physiological responses 
tllrious environmental conditions, infectivity and variations. These_ studies 
throw light on the role of external factors on the nature and spread of the disease. 

^Morphology o£ the organism in nature. 

(a) Symptoms. 

spot, formed o.> the leave, are im tie begmoiog oirrmlar, MO 
mm in diameter, but later become more or less irregular on amount of the eoale^ 
cence of two or more BUcl spots and tiese iiiegulai spots are often as big » 2-3 
cm in diameter. They <we reddish in the beginning but later on *ow difieren- 
tiation of oelour into distinct tones. The central raised portion is of blmdi grey 

cobur and bears coiiidiophores and — Us'l ,‘l X 

which abruptly merges into the green of the leaf (Plate XXXU, Hgs^ ). T 
lesion, are mom pronounced on the under surface and are limited by tte veins. 

In adyanoed stages the spots ate .bo foimd on the upper surface when the whole 

leaf curls and eventually falls ofi. 

Prfmles.-The young lesions ou the petiole appear as slightly darkened areas 

along its length and the spots are reddish in the beginning, but gradually grow dark 

in the centre surrounded by a slightly purplish border as in the leaves and the 

margin is irregular (Piate XXXII, figs. 6, 7 and 8.). 

The stem as a rule is much less infected than the leaves and the pods. 

In shape and colour the lesions resemble those on the petioles as shown an Plate 

XXXII figs 9 and 10. The whole stem eventually dries and the plant droops 
down. 

Peds —The lesions on the pods ate numerous. They are more or less circular 
and measure from 1 to 8 mm. in diameter. Irregular spots are not uncommon. 
In early stages the spots are of scarlet colour in the centre with an orange 
coloured border, but in advanced stages the scarlet centre is usually surrounded 
by a greyish black zone bearing conidiophores and conidia (Plate XXXII, figs. 
11, 12 and 13). In the end the whole pod becomes blackish and is destroyed 
by the parasite. 

Seeds are also affected, the infected portions become at first brownish yellow 
with irregular depressions and the whole seed is gradually killed (Plate XXXll, 
figs. 14 and 15). The percentage of infection in seeds was found to be nineteen. 
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lb) Morbid anatomy. 

■ ■ The mycelium of the fungus within the host tissue is composed of irregularly 
septate, thick-walled light brown hyphae, varying from I’S to a-5 jj. in diameter, 
but at times upto 6 fi in the case of hyphae forming stromata f rom which conidio- 
phbres arise. Younger hyphae are thin-walled and sparsely septate while the older 
ones are brown, thick-walled, tortuous with septa at short intervals and sparsed 
with granular protoplasm and numerous oil globules. Mycelium is usually inter- 
cellular, but in old disintegrated tissues it also becomes intracellular with knob- 
shaped haustoria. Hyphre collect in the air spaces underneath the stomata and 
form .stromatic masses 30 iJ.-60 p in diameter (Plate XXXIIl, figs. 1 and 2) which 
often project out of the stomata. Disintegration of the cells of palisade and 
spongy porenchyma takes place. The cells are killed in advance of the hyphan 
Guard cells of the stomata are thrown apart as the bundle of conidiophores protrudes 
out of the stomata. The first cytological change in injured cells as observed in the 
margin of sectioned lesions is the slight disintegration of the chloroplasts accom- 
panied by changes in staining reaction, the infected tissue staining deeply. This 
is followed by the disintegration of the protoplasts and then by the complete 
collapse of the cells. Disintegration is most evident where stroma are formed. 

(c) Conidiof bores. 

These are formed from stromatic masses either inside the tissue or on the 
central dead portion of the spot and are more on the under surface. When they 
are formed from the stromatic masses under the epidermis, they emerge through 
stomata in groups of two or more. These are of knee-joint appearance on account 
of the position of eonidia and measure 90'8-r)27 p X 5’l-6'8 p ; septa from 0 to 15 
(Plate XXXm, figs, 2-6). Sometimes branched conidiophores are also found 
(Plate XXXIII, fig. 6). Conidiophores are long, multi-septate, yellowish brown 
while young but dark brown in advanced stages. They readily germinate in tap 
water sending diit germ tubes from both ends as well as from sides near the septa. 

■ \d) Conidia. 

These are borne on the conidiophores in aeropetah succession leaving a scar 
when they get detached. They are sub-hyaline to light yellowish, multi-septate (1-16), 
acipularto aeicular abclavate and in size vary from 17;0-221-0 p X 8‘4-6-8 p, 
the average being 63 p (Plate XXXIII, figs. 7-12). The distal end of the conidium 
has a circular hilum with a slight depression in, the centre marking the position of 
the attachment to -conidiopho re. The cOnidia taper gradually from the proximal 
end -towards the distal end, the former being much wider than the latter. 
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TIT. -—Cultural characteristics. 

Several single spore isolations of tlie fungus were obtained from various parts 
of infected plants and all proved to be identical. Re-isolations from ai-tificially 
inoculated leaves of DolieJios Labhh were also made and agreed with the original 
isolations. 

The various physiological responses of the fungus were studied. The fungus 
was cultivated on a large number of artificial media, both solid and liquid. The 
details of these studies are given below, 

(A) MaCEOSCOPIO CHARACTERS. 

(a) Growth on dijfferent media. 

{i) Nature of growth.— The, fungus grows well on all media employed except on 
Browns’ synthetic agar in which staling takes place. On Goons’ agar, prune juice 
agar and DoUchos lahlah leaf decoction agar growth is mostly submerged 
throughout the colony with veiy sparse aerial mycelium along the edge. On 
richer media such as Doxs’ agar, Richards’ solution agar, Hopkins’ agar, 
both aerial and submerged growths are copious and the colonies are uneven 
and crinkled. Above optimum temperature the growth of the fungus in all these 
media is poor and the aerial mycelium becomes felty. In very old cultures 
sclerotial bodies are formed on the edge of Petri dishes and also on the upper 
surface of the slants. 

(n) Nature, and, colour of the. aerial mycelium and colour of the suhstraium . — ■ 
The amount of aerial mycelium increases with the rise in temperature upto the 
optimum for growth. Above optimum temperature it becomes hard and felty 
and there is total disappearance of the loose t 3 rpe of aerial mycelium at tempera- 
tures above 30°C. It goes on increasing with the rise in relative humidity upto 
the optimum for growth, that is, 78'7 beyond which there is a decrease. It is 
greater on thickly poured plates than on thinly poured ones. At concentrations 
above normal ranging upto 10 N on Richards’ solution agar and Coons’ agar the 
aerial mycelium becomes felty in structure and abundant while at concentrations 
below N, from N-N/lOO it becomes loose in texture, woolly or cottony and sparse. 
On media like Richards’ solution agar, the amount of aerial mycelium is greater 
than on poor media like Browns’ synthetic agar, plain agar, Beyrineks’ agar and 
Cornmeal agar. Moreover, on rich media this fungus gives rise to a felty type 
of aerial mycelium. It is greater in alternate light and darkness than in complete 
darkness. A study of the fungus on 5 per cent, sucrose, glucose, lactose and 
maltose showed total suppression of aerial mycelium on the first two, best growth 
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on maltose agar and least on lactose agar. A regular margin of the colony was 
observed in all media tried except in the case of Richards’ solution agar and Doxs’ 
agar where the margin showed a tendency to form lobes. The colour of the aerial 
mycelium is remarkably affected with the nature of the media. The other factors 
such as temperature, humidity, light and darkness, the concentration of the 
medium, etc., affect the colour of the aerial mycelium to a lesser extent. The 
details are given below : — 

Table I. 


Nature and colour of aerial myeehum, and the colour of the substratum of C. dolichi 
E. and E. on different media at 25° 0. 


Media 

Cultural characters 

Cooiis* agar . . 

Giyiwth copious and cottony, light pui’plish, sparse cobwebby, 
light pale grey green on the edge. Substratum dark olive green. 

Oatmeal agar .... 

Abundant woolly, light purplish tinted white, scanty of light 
forget-me-not blue on the margin. Substratum, light greyish 
indigo in the centre, edge light sky blue. 

Ricliards’ solubion agar 

Abundant felty, light sky blue colour in the centre, woolly and 
pale rose pink on the edge. Radial convolutions very common. 
Cobwebby structure in the middle portion of the colony appears 
from whSch clear water oozes out. Substratum, centre dark 
artichoke green surrounded by light greyish indigo zone, extreme 
edge light yellow. 

Boss’ agar 

Abundant slightly felty, brownish grey, edge light lilacy white. 
Convolutions and cobwebby stmcture similar to that on Richards, 
solution agar. Substratum, dark grey green in the centre, edge 
dark sheet blue. 

Brown’s starch medium . . . ■ 

Abundant loose cottony, light lilacy white, on edge sparse and 
low of dull white. Substratum, light greyish indigo in the 
centre, edge dark olive green. 

DoHchos Lahlah leaf decoction 
agar 

Copious cottony, light lilacy white with patches of light otter 
brown, sparse and low on the edge. Substratum, dark putty 
colour, edge light yellow. 

Hopkins’' agar . 

Abundant, woolly, light lilacy white, sparse on the edge. Substra- 
tum light cinnamon in the centre, then surrounded by a zone of 
dark sap green, edge light stone colour. Suppression of aerial 
mycelium with age. 


The fungus was also studied on several other media like sucrose agar, lactose 
agar, glucose agar and maltose agar. 




PHYSIOLOGY 01^ CEBaoSPOBA ])0LIGM1 E. AKB E. 

Table II. 

NatWQ and aolour of wrial mycelmm, of the substfattmh of G, do^ 

E.mdE. at different temperatures on different media. 


Temperature] Oooiis* agar | RicLards’ solution agar | Oatmeal agar 



10'"0. Sparse cottony, light sue- Abundant, woolly, dark Profuse cottony, light eu- 
cony blue, absent on the slate grey, on edge sparse calyptus green, sparse sky 

edge. Substratum, dark light liiacy white. Sub- blue on edge. Substra- 

greyish indigo, edge light stratum, light buft, edge turn, dark titmouse blue, 

stone colour. light putty colour. edge light stone colour. 

20°C. Less copious than at 25°C., Abundant, felty titmouse Abundant, woolly, light 
loose cottony, light purplish blue, woolly, yellowish forget-me-not blue, less 
tinted white, very sparse white on the edge. Sub- abundant on the edge, 

eucalyptus green "on edge. stratum, dark sea green, Substratum, light blue 

Substratum, olive green. then zone of light greyish slate. 

indigo, extreme edge light 
sulphury white. 

25 °C. Abundant, loose cottony. Very abundant felty light Profuse, woolly, light pur- 
light purplish tinted white, sky blue, woolly x^ale rose plish tinted white, sparse, 

sparse, cobwebby, pale grey pink on the edge. Sub - forget-me-not blue on the 

green on edge. Substra- stratum, light artichoke edge. Substratum, light 

turn, dark olive green. green, edge greenish indi- greyish indigo ; edge light 

go to light yellow. sky blue. 

27*5'^0. Abundant loose cottony. Abundant, felty, pale rose Abundant, woolly, light 

light liiacy white, sparse, pink, sparse light cobalt liiacy white siippressea on 

light plumbago blue on the blue to light liiacy on the the edge. Substratum, 

edge. Substratum, light edge. Substratum, dark dark titmouse blue, edge 

cinnamon in the centre; artichoke green, edge light pale grey green, 

edge light Van Byok brown grey green to light yellow, 

to blood red brown. 

30°C. Less abundant, woolly. Abundant, hard felty, light Abundant, slightly woolly 

light liiacy white, absent purplish tinted white. light liiacy white. Sub- 

on the edge. Substratum, Substratum, dark drab stratum, bright greenish 

dark flesh colour, edge green, edge titmouse blue grey; edge light sky blue, 

dark ivoiy green to blue to light yellow, 
greenish grey. 

32*5"0. Abundant, slightly felty Abundant, very felty, light Abundant, slightly felty, 

light liiacy white. Substra- fleshy white. Substratum, light rosy flush, edge light 
turn, dark olive green, dark verdigris, edge light liiacy white. Substra turn, 

edge dark fawn. severe blue, sli^t sky blue. light blue slate. 

35°C. Copious, hard felty, light Abundant, hard felty, light Abundant, hard feliy, light 
mauve rose. Substratum, greenish white, suppressed peach blossom, low on the 

dark olive green ; edge on the edge. Substratum, edge. Substratum, light 

dark fawn to light euca- light coppery yellow ; edge bluish sea green, 

lyptus green. dark grey green to light 

maize yellow. 

37*5°C. Ho growth . . . Abundant, very hard and Ho growth. 

felty, pure white. Sub- 
stratum, dark maize 
yellow. 


(b) Depth of medium. 

In order to determine the influence of the depth of the medium Petri dishes 
of equal size were supplied with 12, 26 and 50 c.c. of Coons’ agar and oatmeal agar. 

s 
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Triplicate plates were used for eack series. Tke inoculated plates were incubated 
at 27*6 0. The diameter of tke colonies was measured after ten and twenty days. 
Tke details are given in Table III. 


Table III. 


Influence of def th of medium on linear growth of 0, dolichi E, and E . 


Media 

Amount of 
media 

Bays 

10 

: 20 V.'; 


C.C. 

mm. 

mm. 

Coons’ agar. 

12 

41'6 

60*6 


25 

45*6 

67*0 


50 

46-0 

75-0 

Oatmeal agar 

12 

40-0 

66-0 


25 

40*5 

70-6 


60 

43*0 

8()'6 


It will be seen from Table III tkat tke linear growth increases with the increase 
in the depth and amount of nutrient. Similarly the colour of the colony becomes 
deeper. The growth after 20 days in plates supplied with 50 c.c. was profuse and 
matted. Experiments with slanted plates of media showed that the growth was 
greater on the thicker side of the slant than on the thinner. Similar results were 
obtained when the fungus was grown on liquid cultures. Although Coons’ 
and Larmer [1930] found in the case of 0. that the depth of media had 

very little influence on growth, the observations made by the author, however, agree 
with those made by Mitra [1931, 1], in the case ot Helminthospofium, It therefore 
seems that in carrying out determination of growth rate under difterent environmental 
conditions, the depth of the medium should be uniform. 

(c) LigM. 

To study the effect of alternate light and darkness, inoculated plates of 
Coons’ agar were placed in front of a window at room temperature. Alongside 
of them, cultures to be kept in continuous darkness were put inside big blackened 
cover dishes after wrapping them with black paper. Cultures to be kept in 
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continuous light were placed in front of a iOO-watt electric bulb in a dark room 
alongside of wliicli were placed plates in complete darkness. The diameters of the 
different colonies were measured after 13 and 26 days' intervals. 

tabm m 


Effect of altmate light and darkness^ continuous Ught and continuous darkness 
on Coons' agar on growth of G. dolichi E. and E. 



IS days 

Katio D/L 

26 days 

j' . Baiio D/li ' ; 


mm* 


mm. 


Alternate light and darkness 

S2 

1 SB 

44*3 

f 81-1 

Continuous darkness 

28*3 

y 

36 

> 

Continuous light 

21-5 

1 114-4 

30*3 

1 120-3 

Continuous darkness 

24'0 

) 

36*5 

) 


It will be seen from Table IV that the linear rate of growth is greater in 
alternate light and darkness than in complete darkness and is greater in complete 
darkness than in continuous light, the retarding effect of continuous darkness 
and continuous light becoming more pronounced with time. 

(d) Humidity. 

A vstudy of the growth rate of the fungus under different relative humidities 
was made in accordance with the method of Stevens [1916]. Sulphuric acid of 
varying strength was poured into five glass dishes of uniform size and each dish 
gave a certain definite relative humidity, wz., 47, 68, 70*4, 78*7, 92*3 per cent. 
To represent approximately 100 per cent, humidity, 260 c.c. of sterilized distilled 
water was poured in a sixth dish. Plates inoculated in the centre were fixed 
on sterilized glass sheets with a mixture of gelatine and corrosive sublimate 
in order to avoid contamination and were inverted after removing the lid on big 
glass dishes containing various percentages of sulphuric acid, and finally sealed 
all along the side with vaseline. In this way all the inoculated plates were exposed 
to various relative humidities created by sulphuric acid and these dishes were kept 
at room temperature. The experiment was repeated with two media, ie., Doxs' 
agar andDolichos leaf decoction agar. Measurements were made at intervals 
of four days up to sixteen days and the data obtained are plotted out in Fig. I. 
It will be observed therefrom that the fungus tolerates a wide range of humidity 
and the optimum lies at about 78*7 per cent. 
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!Fig. 1. — -Growth of G» doUcM in 4, 8, 12 and 16 days of different relative humidities. 


(e) Zonation. 

Zomtion in (j. doUeM 'E, Bind "El. As dm to di-fferential . rate of linear growth, 
of the submerged mycelium as found by Coons and Larmer [1930]. A.lternating 
light and darkness plays the most important part in the formation of zones ; other 
' factors such as fluctuating temperature and the dilution of media are of less 

importance. 

(i) AlternaUng light and darhness,— Some inoculated Petri dishes were placed 
near a window exposed to daylight together with others wrapped up to avoid light, 
i Petri dishes were also kept in continuous light (light furnished by a IGO-watt electric 

j bulb) in a dark room together with some dishes wrapped up in black paper. It was 

1 found that zonation was prominent in alternating day and night, and altogether 

i' absent in continuous light or complete darkness (Plate XXXIV, fig. 1). Further 

i : ^ it was observed that it was more prominent in plates kept in an inverted position, 

i ; Zonation was further noticed to be more prominent on certain media and absent 

I altogether on others. The data obtained are given in Table V. A study of the 

1 effect on zonation of different periods of exposure to light was carried out. Ino- 

i! cnilated plates of Coons’ synthetic agar, N/5 Pichards’ solution agar, and oatmeal 

agar, both thickly and thinly poured, were placed in an incubator at 25^C. in 
I j! darkness for thirteen days and then exposed to light (from 100-watt electric 

I bulb) for 20, ‘ 40 and 60 minutes, and placed back at 25°C. in darkness for 

I five days. The results are shown in Table V. It was noticed that similar 

I exposures to daylight did not give satisfactory results, 



T 
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Table V. 

Effect of UgU on zoncction in 0. dolicM E. and, E. 


Agar medium 

Plates 1 
tliin or 
thick 

Position 
of the 
plates 

Ordinary 
day light 
condi- 
tion 

Conti- 
nuous 
light 1 

Conti- 

nuous 

dark- 

ness 

Darkness with electric 
light exposures of-— 

20 min. 

40 min. 

1 hour 

Coons’ 

Thick 

Upright 

X 



• 





Inverted 

XX 




X 

XX 


Thin 

Upright 

XX 








Inverted 

XXX 


' , — 

— 

XX 

XXX 

Oatmeal 

Thick 

Upright 

X' 








Inverted 

' XX 

. , — . ■' 




^ X,. 


Thin 

Upright 

, ■ XX 








Inverted 

XXX 


. . ' 


'..X', 

. XX .... 

Bioliards’ solution 

Thick 

Upright 









Inverted 

XX. 



':V' — . 

. — 

X ■■ 


Thin 

Upright 

XX 








Inverted 

XXX' 




;'^X" 

•■'■xx':"'. 


== No X = SUgKt, XX == Moderate. XXX ~ Good. 


{ii) FlucMaUng t^mperature.—Thim iiioculated plates each of thick and thin 
media were placed at constant temperatures of 18°0. and 31°0. while another set was 
first kept for six days at 18°C., then for four days at 31°0., and again for six days 
at 18°0. (Plate XXXIV, fig. 2). A third set of plates was first kept for six days 
at 31°0. then for four days at 18°0., and again for six days at 3i°0. This 
experiment was repeated with three difflerent media and the results are given in 
Table VI. Fluctuating temparatures help in the formation of zones. Prominent 
zones are formed by distinctly low and high fluctuating temperatures while no 
zones are formed at constant temperatures. 

Table VI. 


Tem-ferature in relation to zowafwh ih 0. dolichi F?. and B. 


Agar medium 

Amount 

of 

media 

18^0. 

constant 

src. 

constant 

18"0..8rc. 

alternating ^ 

3 r 0 .- 18 ° 0 . 

alternating 

Coons’ 

Thick 




' .'X 

'■.•x' 


Thin 

i' ' 


XXX 

■ xxx- 

Richards’ solution iy/5 

Thick 



','X'' 

■ X 


Thiu 


■ 

.XX 

XX ^ 

Oatmeal 

Thick 



X 

■. 'X 


Thin 


— 

. , . XX 

'■ XX 


— = No zoEation ; X = Slight ; XX = Moderator XXX = Good. 
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{Hi) Effect of dilution of rich media on zonation.—7j0m formation on Eichards' 
solution agar (normal strength) was compared with those formed on Eichards' 
solution agar The data given in Table VII show that by diluting 

rich media zone formation becomes more prominent uj) to a certain dilution be- 
yond which no zone formation takes place. Mitra [1931, 2] also found absence of 
zones on normal Eichards' solution agar except on one strain of HelmintJiosporium. 
Abundant aerial mycelium does not permit the formation of zones on rich media 
because submerged mycelium is not affected. In the case of C. doUcM B. and E. 
best senes are formed at A/6 while there is no zonation at A/100. 

Table VII. 

Effect of different concentrations of Richards^ solution agar on zonation o/ 0. dolichi 

E.andE, 


Concentrations 

Thick plates 

Thin plates 

N 

X 

XX 

N/2 

.XX 

XXX 

NjB 

XXX 

xxxx 

N/IO 

X 

XX 

N/20 

X 

XX 

JV/60 

— 

X 

N/m 




— « No zonation; X=== Slight; XX=Moderate; XXX=Gocd ; XXXX^Veiy good. 


The amount of media does not appear to be the causative factor in the formation 
of zones, since no zones axe foimed in thin plates kept at constant temperatures 
whether in light or darkness. Zonation becomes more distinct at higher Immidities 
but humidity alone has no effect on zone formation (Plate XXXIV, fig. 3). 

(/) Gonceniration. 

C, dolicM E. and E. was cultured on Coons^ solution lOA, 5A, 2A, A, A/2, 
A/6, A/10, A/20, A/60, and A/100 in flasks of uniform capacity containing 100 c.c. 
of the medium. Inoculated flasks were kept at 27*5°C. and the mycelium was 
filtered after 27 days and the dry weight of the fungus determined. The experi- 
ment was run in triplicate and the data obtained are shown in Table VIII. The 
greatest growth was at lOA and least at A/20, IST/bO and A/100 ; the dry weight 
of the mycelium thus increased in direct proportion to the increase in concentra- 
tion of the medium. At higher concentrations a strongly wrinkled weft of mycelium 
is developed a considerable part of which stands exposed above the liquid and is 
coloured rose neyron. From lOA-A, no trace of submerged colonies is found. 
With a decrease in concentration there is reduction in the amount and texture 
of the aerial mycelium. 
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Table VIII. 


A^efuge dfy weight of the myeelium {in gnm*) of 0* dolichi E* and E, at various son’* 
centrations of Qoons\ synthetic solution after twenty-seven days at 27'5°C. 


Concentrations 

lOV 

m 

2V 

N 

V/2 ^ 

A^/5 ; 

NjlO 

iV/20 

i\r/50 

Rim 

Average dry weight of the 

0*6896 

0*3914 

0*1372 

0*0789 

■ . j 

0*0270 

0*0045 

0*0018 

o-oou 

0*0008 

0-0004 

mycelium {in grm.) 












The results obtained agree with those of Moore [1924] and Brown [1926]. 


On the contrary it was found that with a solid medium such as Richards’ solu- 
tion agar best growth occurred at normal concentration. The growth rate de- 
creases either with the increase or decrease of concentration. Table IX gives the 
average of three readings after 9, 12 and 16 days. 

Table IX. 


Average Unear growth rate in mm, of 0, dolichi E, and E, at various concentrations of 

Eichards' solution agar at 27^5^C, 


Bays 




N 



, -2^/20 

iV^/50 

Nim ■ 

9 

1 

9-3 

i 

21-6 

41 

47 

41 

39 

I 37*6 

37 

35 

12 

12*3 

38*3 

60 

63 

52 

50 

49 

48 

46 

1^ 

14 

60 

j 

71*3 

73 

62 

■ 1 

60 

68 

57 : 

56 


{g) Imfoftance of different constituents of a synthetic medium. 

In order to test the importance of various salts of a nutrient medium with 
regard to the growth of C. dolichi, the various constituents of Doxs’ solution were 
tested by eliminating each salt one by one. The data thus obtained are given in 
Table X. 


Table X. 

Average dry weight of the mycelium of 0, dolichi grown on Doxs' solution and those 


lachingin one of its constituents at 27'57^G, after 65 days. 


Media 

Bry weight o£ the mycelium in gnn. 

Hormal {R) 

0-125 


0*0005 

N Cane sugar 

0 0017 

R imo^ ■ : 

0*089 


0'096 

jv Ka 

0*102 

N FeSO^ 

0*122 
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It will be seen from Table X that tbe importance of KH 2 PO 4 is greatest, while 
cane sugar comes next in order. MgSO^, KOI and FeSO^ are of less importance. 

{h) Effect of different sugars^ 

The efiect of different sugars on the dry weight of the mycelium was studied 
in a 6 per cent, solution of various sugars. The sugars used were maltose, glucose, 
sucrose, lactose and Imvulose. Triplicate flasks, each containing 100 c.c. of the 
various sugar solutions used for each series, were filtered after fifty days, and the 
results are shown in Table XL Best growth takes place on maltose solution and 
least on lactose solution. • 

Table XL 


Dry weight of the myeeUim of 0 . dolichi on different sugar solutions at 27'5°0. after 

fifty days. 


5 per cent, solution 

Average dry weight 
of the mycelium 
(grm.) 

pH 

1 

pH control 
after 50 days 

pH inoculated 
after 60 days 

Maltose 

0*0872 

6*3 

5*3 

6*0 

Glucose 

0*0642 

5*X 



Sucrose 

0*0415 

6*7 

5*7 

6*2 

Lsevulose 

0*0095 

4*5 

4*5 

4-3 

Lactose 

0*0062 

5*1 

5*1 

4*2 


(i) Temperature. 

The temperature of different regions, aside from other climatic conditions, 
may greatly affect the occurrence of the parasites. Fawcett [1917, 1 ] has shown 
the correlation existing between the cardinal temperatures of certain fungi and 
seasonal occurrence. The importance of low temperatures in the pre.servation of 
fruits is well known, and high temperatures are employed not only to regulate 
ripening and sweetening processes but also to effect the death of the invading 
parasites without lowering the vitality of the host. Ste\ens [1917] has shown 
that the rate of increase of chestnut blight canker is closely related to 
temperature. According to Tisdale [1917] the temperature at which the host is 
most injured by Fusarium wilt of flax corresponds to that favouring the maximum 
growth of the parasite in cultures. Humphrey [1914] came to the conclusion that 
the temperature differences in various localities in the State of Washington large- 
ly determined the differences in distribution and severity of tomato wilt induced 
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by ^Msanttw* Fawcett [1917] referred to the limited geographical 

distribution of melonose due to Phomofsis eitn and suggested that temperature 
may be among the important factors limiting its distribution. 



Fig. 2. — Temperature rolafciousliip of O. doUcM on Coons’ agar. 


In the study of temperature relationship of a given organism it is necessary to 
mention other conditions that are supposed to be effective, ic., the nature of the 
medium, the length of time, the uniformity in the amount of the medium. 

A study of the temperature relationship of (7. was made on six different 
media, Coons" agar, oatmeal agar, Dofcjk>5 Lablab leaf decoction agar, Hop- 
kins' agar, Richards" solution agar and potato synthetic agar. Measurements of 
the colonies were taken after three days" interval. Triplicate plates of uniform 
size each containing about 50 c.c. of the medium were placed in each of the follow- 
ing temperatures~~»6*5"0., 10"C 20^0., 25*^0., 27*5^0., 30°a, 32-5°C., 35^0., and 

37-5"'0. No growth took place at 5-5°C. and 37*5"*C. except on Richards" solution 
agar at 37*5^ 0. The optimum temperature for growth was. 25''C. in all cases 






1 


510 INBIAN JOtJBHAL GIF AGBICULTOEAL SCIENCE [III, BI. 

except EiG]laIds^ solution agar for wMcli it was 27*5®0 The shifting of the opti- 
mum as well as the maximum in media having a high carbon/nitrogen ratio is not 
unknown. Weimer and Harter [1923] in their study of temperature relationship 
of eleven species of Ehizopus observed that the presence of 20 per cent, dextrose 
in Irish potato agar changed the cardinal temperatures of a strain of 
studied from 1°C. to 2^0. Similar results were obtained by Thiele and Rudolf 
[1896] ; the addition of dextrose to glycerine and formic acid changed the 
maximtim temperature for growth of one species of both PenwUUum md Asp- 
ergillus^ 
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Pig. 4.— Nine days’ growth of 0. ddicM at various temperatures on four different media. 


It was noticed that at low temperatures the linear rate of growth goes on 
increasing uniformly but at higher temperatures above the optimiim this uniform 
growth is checked and the cultures show a tendency of staling. 
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Fig, 5.— Growth of 0. doUchi at various temperatures on Richards’ solution agar and Ooons’ agar. 

Thus at higher temperatures growth is very poor. Figs. 2 and 3 show the 
growth rate at various temperatures on Coons^ agar and Kichards’ solution agar, 
and figs. 4 and 6 show the relation between the growth rate on four different 
media and the time from the beginning at a given constant temperature. 
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It will be seen from these graphs that the fungus grows well between 20^0. and 
30 °C. and that temperatures above or below these limits are detrimental to the best 
growth of the fungus* At higher temperatures an abnormal type of growth takes 
place and the colony becomes pale and forms a lot of felty serial mycelium* 

(B) Miceoscopic chaeagtees. 

(a) Qhamcter of the niyceliiim. 

when young is septate at long intervals and is sub-hyaline ; with 
age it becomes light brown to greenish brown and septa appear at short intervals ; 
later on chlanydospores were formed on some media such as oatmeal agar, Coons' 
agar, etc. (Plate XXXin, figs* 15-18). Sclerotial bodies are formed in very old 
cultures and are numerous on Dolichas stem and wheat stravr. 

{b) Size and degree of septaiion of spores. 

G, doUahi does not sporulate on oatmeal agar, Coons' agar, Hopkins' agar, 
Doliehos leaf decoction agar and prune juice agar, but does so on Richards' solution 
agar, Do stem and on wheat strfiw. The spores formed on wheat straw and 
Doliehos stem are very long and thin but not profuse as on Richards' solution agar. 
Scratching of the surface of the culture with a sterile needle often stimulates the 
formation of spores. Sporulation is better in complete darkness than in alternate 
light and darkness. 

(i) Effeei of temperature. — Temperature variation is the most important factor in 
affecting the size and septation of spores. The shape of the spores is, however, not 
much affected except that the scars on the proximal end are not so marked as in 
spores formed in nature. Spore formation is very poor at temperatures below 20°C. 
and above 30°C., and at 27’6°C. (the temperatime of optimum growth) the spores 
formed are largest in size and septation (Plate XXXIII, figs. 25-32). At 10°G., 
32*5°Cj and 35T. the spores formed are abnormally small in size and with few septa 
(Plate XXXIII, figs. 19-24). The spore size and septation at different tempera- 
tures are given in the Table XII. 

Table XII. 

7 ariation in size arid sepMion of spores of Qr. doXiolni on Richards' solution agar at 


various temperatures. 


Tempera- 

ture 

Range of 
length 

(m-) 

Average 

length 

((a) 

Range of 
width 
({x) 

Average 

width 

(m-) 

Range of 
septa- 
iioii 

Average 

septa- 

tion 

Bepta- 

tion 

mode 

10^0, 

8-8-51 -0 

20i -7 . 

1-7.2-5 

1-9 

0-3 

1*3 

1 

20^C. 

G-8-91-8 

86±1‘3 

2*5-5*l 

4-1 

0-7 

2*4 ' ■ 

2 

25°C. 

6-8-187 

46i;2-6 

1-7-5-1 

3-6 

0-12 

3*8 

' ■■ a ■ ■ 

27*5°C. 

20-4.200*6 

68-6±2-4 

3*4-6-8 

4-1 

0-14 

5*4 , 

: 4' ■ 

30°O, 

7*2-102 

46±1*7 

1-7.5-2 

2*5 

0-8 

3*0 

3 


3-4.74-8 

14± *7 

1-7-3-4 

1-8 

0-6 

1*0 

1 
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{ii) Effect of differ^^^ septation of spores clepend on tte 

nature of the medium on which the fungus is cultivated. Spore measurements 
were made from fifteen days old cultures grown at 20°C. on Eichards’ solution 
agar, Dolkhos stem and wheat straw, and are shown in Table XIII. 

Table XIII. 


Variaiion in size and septation of spores of C. dolichi on different media at 20'^Q, 


Media 

Range of 
length 

((i) 

Average 

length 

w 

Range of 
width 

w 

Average 

width 

(tt) 

Range of 
septa- 
tion 

Average 

septa- 

tion 

Septa- 

tion 

mode 

1 — 

Biehards’ solution 

6-8-91-8 

36d=l*3 

2*5-6*l 

4*1 

0-7 

2*4 

2 

agar 

DolidkosBtem 

22*8-208 

103 db *7 

3*24*8 

4*5 

0-17 

8*5 : 

U' 

Wheat straw . j 

32*0-272 

85=bl*0 

3*2-4*8 

4*0 

0-15 

10 

n 


It will be seen from Table XIII that the septation of spores under identical 
conditions is greatest on wheat straw and least on Kichards' solution agar. The 
greatest average length of spores is on Z)oMo 5 stem and least on Eichards' solu- 
tion agar. 

{iii) Effect of different relatwe humidities, — ^Welles [1925], Lehman [1928], 
v^ Klotz [1923], Sundararaman and Eamakrishnan [1928], and Eamakrishnan [1931] 
found on different species of C'crcospom that remarkable increase in size and 
septation of conidiophores and conidia take place at high humidities. An experi- 
ment was carried out by incubating infected leaves at relative humidities of 47, 
70*4 and 100, and after forty-eight hours a count of hundred conidia was made. 

TableXIV. 


Effect of differmt relative humidities on size and septation of spores. 


Relative humidity 

Range of 
length 

W 

j ' ■ 

Average 

length 

(fji) 

Range of 
width 

<f*) 

Average 

width 

([^) 

Range of 
septa- 
tion 

Average 

septa- 

tion 

Septa- 

tion 

mode 

47 

17-163 

79 ±2*4 

3*4.6*8 

4*8 

0-11 

6*0 

, ''. 4 '' 

70*4 

20*4-268 

91±V2 

j H-4-5-1 

i 4*6 

0-18 

7*5 

'5 

100 

17-306 

114 ±1*0 

3*4-5*l 

i 

0-21 

8*1 

7 


It will be seen from the above table that the average length of conidia 
increased and the average breadth decreased with the rise in relative humidity. 
Hence in determining measurements of spores of any species of the genus Oercospora 
relative humidity and temperature should be taken into consideration. 
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(c) Secondary spores. 

The formation of seconda^^ from primary conidia often takes place 

both in nature as well as in culture. In some cases the first-formed conidium 
produced a second one at its tip, while in others lateral conidia are formed from 
the sides of the basal cells of the larger conidia (Plate XXXIII, fig. 33). The 
secondary conidia thus formed are small and usually unsept ate, rarely one septate. 
Such secondary conidia formation is a common characteristic of most of the allied 
inngi Buoh m Helmirdhosporiumt 

{d) Spore germination. 

in tap water within two hours. Germ tubes 
are given ofi from* both ends of spores as well as from sides near the septa. 
At times two germ tubes originate from a single cell of a conidium. 
Frequently conidia in cultures germinate Conidiophores and even bits 

of them also germinate readily in tap water. Spores from specimens two months 
old do not germinate ; the viability of the conidia thus lasts for a very short time 
only. Lehman [1928] however, reports that the conidia of Gerco-spom diazumaru 
germinate after 69 days but according to Klotz [1923] those of Capii Fres., 
after 170 days. Spore germination is affected by the following factors : — (1) Tem- 
perature (ii) carbon dioxide (iii) light and darkness (iv) hydrogen-ion concentration. 

[i) Effect of various temperatures on germination. — Spores were taken from a 
twenty-five days old culture on Dolichos stem, and spores suspension made in 
sterilized distilled water. A drop of the spore suspension was placed in the centre 
of a cover slip and inverted over Van Tiegham rings containing a few drops of 
distilled water. These were then exposed for five hours at 5*5"’C., IC'C., 18^0., 
25'^C., 31^., 36°C. and 4F0. temperatures. Percentage germination of spores and 
the average lengths of the germ tubes for each temperature were determined from a 
count of fifty for each. 

Table XV. 


Spore gemination of 0. dolichi at various temperatures. 


Temperatijre 

Percentage germination 

Average length of 
germ tubes 

1 W 

6-6°C. 

0 

0 

10^0. 

34 

12-6 

18°0. 

74 

20'7 

25^0. 

80 1 

40’0 

31°0. 

68 ' 

32-0 

35°C. 

36 

16-6 

4ro. 

0 

0 


f; 
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It therefore follows that there is an increase in the percentage of germination 
as well as in the average length of the germ tubes, from 10°G.-26°0. At 25°C. 
the percentage of germination as well as the average length of the germ 
tubes is greatest ; it is thus the optimum temperature for spore germination. 
The minimum temperature for spore germination lies between and 10°C„ 

while the maximum lies between 38°C. and 41°C. Spores are killed when exposed 
for five hours at 41 °C. Hence the thermal death point lies in the neighbourhood 
of41°C. 

{ii) Effect of J 00 per cent, carbon dioxide on Carbon dioxide 

is known to have a retarding effect on the growth and the germination of 
conidia of fungi. An attempt was made to see the effect of 100 per cent, carbon 
dioxide on germination. Spores in hanging drops were mounted in w'ard tubes 
and a stream of 100 per cent, carbon dioxide was passed for two to three minutes 
sufficient to displace completely inside air and then the two ends were closed tightly 
with stopcocks. The cells being of uniform size, there was an equal amount of 
carbon dioxide in all tubes. Controls were kej)t with ordinary air inside them. 
These tubes were all kept at 25°C. The percentage germination as w^ell as the 
average length of the germ tubes were measured after five hours. 





Table XVI. 


Effect of 100 per cent, carbon dioxide on spore gemination of C. dolichi a.t 25° 0. 



Spores exposed for five 
hours in 


Percentage of germi- 


nation 


Average length of the 
germ tubes 


22*0[a 


Ordinary air 

lOOpor cent, carbon dioxide 


An atmosphere of 100 per cent, carbon dioxide had a retarding effect on the 
percentage of germination as well as the average length of the germ tubes. There 
was also no branching of the germ tubes in spores exposed to 100 per cent, carbon 
dioxide. 

(iii) Effect of continmus ligM and continuous darkness on germination . — An 
experiment was carried out to see the effect of continuous light and continuous 
darkness on the germination of spores but no conclusive results were obtained. 

{iv) Effect of hydrogen-ion concentration on germination. — Spore germination is 
remarkably affected by hydrogen-ion concentration of the solution. Spore suspen- 
sions were made in solutions of knhwn pH values and a drop mounted on a cover 
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slip and iiiYerted over van Tiegham rings containing a few drops of solution of the 
same pH value as of the hangmg drop. Adjusted modified Richards' solution of 
Karrer and Webb [1920] was used and the solutions of the following pH values were 
prepared :~““2-l, 2'5, 2*7, 2*8, 2*Dv 4*7, 4*9, 5*1, 5*9, 6*3, 6*9, 7*3, 8*0, and 9*1. All 
the slides were incubated at 25 °C. foi five hours. Then a drop of one per cent, 
mercuric chloride was put in each hanging drop in order to fix the spores geimi- 
nated and ungerminated. The percentage of germination and the average length 
of the germ tubes were determined for each pH value. The figures given below 
are average of fifty counts for each. 

■^..Table XVII. ■ 


Effect of different H- mid Oli-ion mneentrations on germim, lions of C. dolichi t/j? 25'f (/'. 


pH values 

|2*l-2*8 

2*9 

3*3 

! i 

■ 4-7 

4-9 

1 

5'1 

! 

5-9 

6*3 

6*0 

■7*3; 

8*0 

j 

9-1 

Percentage of 

germination 

•• 

32 

48 

56 

68 

96 

: 

98 

80 

22 

.12 

' 8 

0 

Average length 
of the germ 
tubes (ji.) 


11*4 

12-0 

12*7 

15-2 

24*7 

27-3 

17-0 

10*5 

2*4 

2*0 

■ 0 


Evidently the spores can tolerate a wide range of hydrogen-ion concentration 
from 2*9-8*0. The germination begins abruptty at pH 2*9 and the optimum is at 
pH 5’9. The minimum hydrogen-ion concentration for germination lies between pH 
2*8 and 2*9, while the maximum lies between pH 8*0 and 9*1. Germination is a 
process which is strikingly supported by a relatively high hydrogen-ion concentration ^ | 

as shown by Webb [1919-1921]; hence hydroxyl-ions are more toxic than hydrogen-^ j 

ions as found by Clark [1899] wlio also concluded that with an increase in the length 
of interval of incubation, the reaction of germination to hydrogen-ion concentration 
remains practically the same, the curves for germination for any organism being 
practically identical whether incubated at 22"" 0. or 0. or 30"H. 

!¥• Hydrogen-ion eoneentration. 

In order to determine the hydrogen-ion concentration relationship to the 
growth of (7. Richards’ solution agar as modified by Earrer and Webb [1920] 7^ 

was used and his method was followed. 30 c. c. of the solution together with the 
required amount of iV/6 acid and i\76 alkali and distilled water to make 50 c.c. was 
put in each flask and hydrogen-ion concentration was determined according to the 


L 
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colorimetric method of Clark and Liibs [1917] and the range taken was pH 2’l-8‘6. 
Flasks were incnhated after inoculation for sixty-two days at 27'6°0. andthediy 
weight of the mycelium of the fungus determined. I'he hydrogen-ion concentra- 
tions of the controls and filtrate were also determined to see whether changes wem 
Brought about as a result of the metabolic activities of the fungus. The data 
obtained are given in the table below and represent the average dry weight 
of the mycelium from three flasks in each case. 



Eg. 0.— Growth, of 0 . aJcZicSi oa modified Richards’ solution agar on different H-ion concentration after 

62 days at 27-5°0. 
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Table XVIII. 

0 / C. dolicM and the changes in reaction induced hy growth in modified 


Richards' solution at different pH values at 27'5%). in dafhness after 62 days. 


H- AHU OH-IOX COKCBOTEATIOHS 

Average dry 


Initial 

Control 
after 62 
days 

[inoculated 
after 62 
days 

weight of 
the myce- 
lium (grm.) 

Bemarks 

2-1 

2*1 

2*1 

No growth 

No growth 

2*6 

1 . 2*5 ■ 

2*5 ■ 

Bo. 

: Bo. 

' 2*7 

2*7 

2*7 

Bo. 

■ ■ Bo. 

3*3 

3*3 

2-3 

0*1189 

Growth moderate. Numerous small float iiig colo- 
nies. Submerged colonies few. 

4*6 

4*1 

2-3 

0*1533 

Growth more than lUI 3*3 and 4*9. 

4-9 

4*5 

2*3 

0*1339 

Growth poor, less than pH 4*6, Few floating colo- 
nies. Submerged colonies thin and filmy. 

5*5 

4*7 

2*3 

0*1535 

Big floating colonies. 

6*0 

5*1 

2*3 

0*1643 

Numerous floating colonies. Submerged colonies 
thin and filmy. 

6*5 

5*5 ■ 

2*3 

0*1890 

Same as in pH 6*0. 

7*1 

■ ' 6*3 , . 1 

2*3 

0*2004 

Numerous small floating colonies. Submerged 
colonics few and filmy. 

' 7*5 

6*1 1 

i 

2*9 

0*1816 

Only one big floating colony. Numerous big sub- 
merged colonies. 

8*1 

6*1 1 

6*6 i 

0*0281 

Growth very poor, in traces only- No floating 
colonies. 

S-5 

6*8 

6*8 

No growth 

No growth. 


There is no growth at higher hydrogen-ion concentrations than pH 3'3 but growth 
abruptly starts from pH 3*3 and goes on up to pH 8*1 (Table XVIII and Fig. 6). 
Two maxima were obtained one on acid side at pH 4*6 and the other on the alkali 
side near neutrality at pH 7*1. Double maxima have been reported for a number 
of fungi and are by no means uncommon. pH 2*1, 2*5, 2*7 and 8*5 should be regarded 
as toxic hydrogen-ion and hydroxyl-ion concentrations for the growth of this 
fungus, while pH 8*1 may be regarded as inhibitory hydroxyl-ion, because when 
pH 8*5 was reduced to pH 6*5, a slight growth took place though in traces only. 
The fungus during its growth on the modified Eichards' solution produced marked 
changes in the reaction of the medium. It will be seen from 1 able XVIII that 
there has been very little change in the pH value of the controls on the acid sides 
while on the alkali side there is a remarkable shift in pH values. The pH values 
of 3*3, 4*6, 4*9, 5*5, 6*0, 6*5 and 7*1 of the inoculated flasks shifted to pH 2*3 but 
pH 7*6, however, shifted to pH 2*9 while pH 8*1 and 8*5 to pH 6*5 and 6*8 respec- 
tively. It appears that the fungus requires for its best growth an acid medimti or 
a slightly alkaline one. Too high hydrogen-ion and too low hydroxyl-ion concen- 
trations are harmful to the best growth of the fungus. Since the fungus can grow 

L 2' 
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np to as bigli a pH value as S'l, it is clear that it is by no means impossible for the 
dormant mycelium in the leaves to live in the Piisa soil of ■which the pH value is 
about 8*2. It has been shown by numerous workers that the influence of hydrogen- 
ion concentration on the vegetative growth of the fungus in pure cultures is variable 
and to a large extent dependent on the chemical composition and physical nature 
[>f the medium. There is every possibility that pH relations of the fungi in the soil 
may be slightly different from those obtained by using artificial medium but 
considering that the limiting hydrogen-ion concentration is the same as obtained 
in artificial mediant is quite possible for the dormant mycelium to germinate witlx 
the return of the favourable conditions to form new crop of conidia for propagation. 
If by some means, say by adding lime, etc., as recommended by numerous ’workers, 
the soil could be made alkaline, it is quite possible to kill the dormant mycelium 
in the trash lying in the soil. 

A study of the growth of the fungus on modified Eichards' solution with a pH 
value of 4*5 was carried out and records were made at an, inter nal of 10 days in 
the shift in pH values of the inoculated and control flasks. The data given in 
Table XIX show that there is no change in the pH value of the controls after ten 
days but in twenty days it dropped to 4*3 and in fifty days to pH 4‘L Thus there 
was an increase in acidity in control flasks from pH 4*5-4*l in fifty days. The 
acidity of inoculated flasks, on the other hand, changed from pH 4*5 to pH 2*3 in 
thirty days. There is greatest increase in the dry weight of the mycelium bet- 
ween twenty and thirty days and an appreciable increase in acidity after 20 days. 

Table XIX. 


Growth of 0. dolichi, and changes in reaction when grown on modified Richards' solu- 
tion of pH 4'S, after intervals of ten days up to fifty days at 3i9°C. 


Bays 

pH of conirol 

Average pH of filtrate 
from inoculated 
flasks 

Average dry weight of the 
mycelium (grm.) 

10 

4*6 

3*0 

0*1217 

20 

4-3 

2*6 

0 1383 

30 

4*3 

2*3 

0*2722 

40 

4*2 

2*3 

0*2731 

60 

4*1 

2*2 

j . " 0*2776, ■ 


After thirty days there is little increase in the dry weight of the mycelium 
and very little decrease in the pH value of the solution. 


V. Infectivity* 

Iiffection takes place readily both with mycelium and spores. In the case of 
mycelium as inocula, infection takes place within seventy-two hours and with 
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spores infection spots begin to appear after 6.ve to seven days. Tbe infection 
readily takes place from the under surface of leaves^ and mature leaves are more 
susceptible to infection than immature leaves. Inoculated leaves were incubatecl 
and kept under various humidities^ and it was observed that no infection takes 
place below 79 per cent, humidity. The details of inoculation experiments are 
given in Table XX. 

Table XX. , 


Summary of the results of inoculation experiments on Dolichos Lablab hy C. dolichi 

E.andE. 


No. of 
experi- 
ments 1 

Part of host inoeulated 

No. of inoculation 

No. of anfeetion 

Percentage 

©f 

infection 

1 

Leaves — 

Upper surface 

14 

1 

7-1 


Under „ . 

30 

8 

26-0 

2 

Leaves — 

Upper surface 

15 

4 

20-6 


Under „ 

50 

34 

03*5 


Leaves — ■ 

Upxier surface 

10 

3 

18‘7 


Under „ 

32 

17 

53*0 

4 

Leaves — 

Upper surface 

28 

7 . : 

26'0 


Under „ 

70 

39 

55-7 


Stems 

5 . 1 

" A 

80-0 

5 

Leaves — 

Upper surface . . * 

6 

1 

IC'O 


Under „ 

30 

10 

33*3 

6 

Leaves— ! 

Under surface 

73 

28 

38*3 


Petioles 

5 

2 

40 


Stems . . . 

5 

3 

60 

7 

Leaves — 

Under surface 

80 

40 

57-6 


Steins 

40 

24 

60 

8 

Petioles 

80 

32 

40 


Stem 

70 

25 

36*5 


0. dolichi is able to infect all parts of Dolichos Lablah, pods and seedlings also 
readily take infection from spores. 


i 

I 

i. 
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CVoss wocMki Wi.—Tlie pardtisni of 0. MioU is not restricted to DoZic/ios 
tablab ; it readily infects a urnnber of other cultivated Indian pulses. Details of 
various cioss-inoculation experiments carried out are given in Table XXI. 


Tabee XXI. 

Cross-immh.lion experiments with 0. doliclii. 


Date 

Hosts 

Part of 
hosts in- 
oculated 

No, of 
inocu- 
lation 

No. of 
infection 

Percen- 

tage 

infection 

July 1031— 
4ili 

Ohjeine Mspida 

licaves 

26 

in 

54 

6tli 

(soybean) 

Ditlo 

(under 

surface) 

» 

24 

10 ; 

m.h 

Phase.<)tiis 


50 

21 

42 

mil 

aconUifolius 

(7mlh) 

Vigna catjang 


60 

30 

60 

24th 

(cow feet) 

Gajmms huli- 

9f 

50 

15 

30 

26th 

cus (mliar) 
PJiaseolm 

» 

50 

20 

40 

28th 

mungo (urid) 
PJmseolus 


60 

12 

24 

I aoth 

mdiatus 

(mung) 

Ditto 

» 

60 

10 

20 


Eeinarks 

Plants kcjifc 
Wilder bell 
jar 


under bell 
ja^r 


VL— Saltation. 

Tlie foimati on of sectors, maiiy of will ch j)roved later on to Tbo saltants of 
differently coloured mycelium in the colonies grown on nutrient mediuj is of Auny 
conamon occurrence. This sectoring takes place on a large mimber of media of 
varying constituents, especially on Coons' agar and Richards' solution agar. These 
saltants also arise from iriocula taken at random from difEerent portions of a colony. 
Biffereiit factors found to be responsible for the formation of sectors were : — 
{%) the shallowness of the medium, {ii) the richness of the medium, {Hi) temparature, 
(i^) the concentration of the medium and (u) the position from which the inocula 
was taken. 

Sector formation takes place more on thin plates or on thin side of slant 
plates than on thick plates or on the thicker side of slant plates. Similar results 
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were obtained by Oliristeiisen [ 1929 ] oxi HelminihjsfOfkim sM Mitra [1931 5 2 ] 
on Eelmmtliosp^^^^ spp. and Brown [ 1926 ] on Fusariufn* In shallow medium 
the differences between the parent and the saltant are magnified but it cannot be 
claimed that shallow medium is the cause of saltation, Saltants are present in 
thick plates but in hidden form. 

{ii) Rwhiess of iJie medimn. 

Sector f ormation takes place much more on rich media such as Coons’ agar, 
Richards’ solution agar than on poor media such as Browns’ synthetic agar, 
Beyrincks’ agar, etc. 

{iii) OonmntfaUon of the medmm. 

Thick, thin and slant plates of Richards’ solution agar and Coons’ agar 
of iV, iV/5, iV/10, iV/20, and NjlOO concentrations were inoculated and kept 
at constajit temperatures of 32 ■5*^0. and 27'5'TJ, respectively. Triplicate plates for 
each series were kept. These were examined after forty days. The number of 
sectors formed in each type of plates at various concentrations were counted and 
the data are given in the Table XXIL 

Table XXII. 


Number of sectors formed by 0. doliohi at various conoeMrations of Richards' solu tion 

agar and Coons' agar. 


Medium 

Amouut o£ media 

2 N 

N 

iV/o 

1 

iV/10 

Nim 

W/50 

W/lOO 

Ivichards’ solution 

Thin 


10 

3 

i 

1 

0 

0 

agar 32'5"0. 

Thick 

— , 

0 

1 

; 0 

0 

0 

0 



— ■ 

— 1 

— 

0 

0 

i) 

0 


feiant 

— - 

i 

— 

0 

0 

0 

0 


Thin 

20 

15 




0 

t 

0 

Coous’ agar 27‘5°0. . 

i 

Thick 

5 

2 

— 

— . 

— > 

0 

0 

Slant ^ 
biant ^ 

00 

9 

1 

— 

i 

— 

0 

0 

0 

0 


It will be seen from Table XXII tha.t the formation of sectors is greater at higher 
concentrations than at lower and there is no formation of sectors at iV/50 and iSyiOO 
concentrations ; the number of sectors formed on thinly poured plates is greater 
than on thickly poured plates and more on the thinner side than on the thicker side 
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of slant plates/ The coBcentration and ridioess of medinm are thus responsible 
for the formation of saltants. 

(w) Temperature, 

Thin, thick and slant plates of Coons’ agar and Eichards" solution agar were 
kept at 10"C, 18°C., 25"C,, 27*5T., 30"0,, 32*6"C., 36X1 and 37‘5X. Triplicate 
plates were used for each series. These were examined after one month. On 
Coons' agar no sectors were formed at lOX., 35X. and 37%5X/., but most s 
formation took place between 26X. and 27 *5X. On Richards' solution agar there 
were no sectors at 10°C., 18X. and 37‘5X. but most sector formation took 
place between 27‘6°C. and 32*5X. and a few sectors formed at 35°0. Thus the 
optimum temperature for sector formation in the case of Coons' agar lies between 
25X. and 27‘5‘^C. while in the case of Richards' solution agar between 27‘5®C. and 
32*5°0. At lower temperatures sectors are formed late and in lesser number 
because the activity of the fungus is less while at very low temperatures (say 10°C.) 
the fungal activity being almost arrested, the sectors do not appear at all. 


{^) Positiofi from which inocula are taken. 

The next experiment related to the determination of the portion of a fungal 
colony containing the largest number of saltants. Thick plates of Richards' solu- 
tion agar of N, A760 and N/lOO were kept for forty days at 32‘5X. and inocula 
concentrations from these plates, fourteen from the middle and six from the margin, 
were taken and planted in the centre of plates of Coons' agar and incubated at 
32‘5°0. and examined after one month. The data obtained are given in the table 
below. 

Table XXIIL 

Number of sector formation from inocula taken from different regions of a colony on 

Coons' agar at 32^5^0. 


CoEcentrations 
of Richards* solution 

Middle 

Margin 

agar 



N 

IS 

0 

N/m 

6 

2 

Nim 

4 

2 


j- i\ The number of sectors obtained from inocula taken from the middle region of 
the colony was larger than the number of sectors obtained from inocula taken 
from the marginal region. The formation of sectors from inocula taken from 
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(L doKchi giown on Richards’ solution agar of 2V/60 and N/lOO concentrations was 
comparatively less. 

Two saltants Dj and Da differed markedly from the parent D were com- 
pared with the parent as to (i) the nature of growth and character of aerial my- 
celium and submerged mycelium, (ii) the rate of linear growth, (w) conation, (i^) 
sporulation, (v) sclerotial formation, and (m) pathogenecity. The data are 
giveax in Table XXIl/ below. 

Saltant J)| appeared as a definite sector on a thin plate of Richards solutioii 
kept at 3rC. (Plate XXXIV, figs. 1 and 6.) 

Saltant Dg appeared as a definite sector on a thin plate of Goons ' agar at 
27%5°G., also on Richards’ solution agar plate kept at 36°C. (Plate XXXIV, fig. 6.) 

Table XXIV. 


Oomparison of the parent and salUints of C. dolichi. 


— 

Pai*ent 3) 

Saltant Bj 

Saltant B^ 

Nature and colour of aerial 
and submerged myce- 
lium (Bichards’ solution 
agar). 

(/) Aerial 

■woolly, light maize 
yellow ; edge light 
cobalt blue. 

{1) Aerial myrelkm, 
low felty, pale rose 
pinlc. 

{/I Aerial, mycelium ^ 
felty, light hydrangia 
pinV, edge Bght lilacy 
white. 


(/'/) Snhwifged mycdi- 
vm, light brown to 

1 greenish brown, great- 
er in diameter, more 
tortuous with numer- 
ous small oil globules 
than Bj and Bo. 

(//) Suhmeryed mcyelk 
uin, smaller in dia- 
meter, less tortuous 
and more hyaline 
with larger oil globules 
than in B, 

{ii) Suhmeryed mycvlium^ 
same as in B^. 

Colour of the substratum 
(Richards’ solution 

agar). 

Light severe bine ; edge 
light greyish indigo. 

Light salmon hesh 

Light ashy grey ; edge 
light stone colour. 

Sporulation 

S 

— 

■■■ — 

Zonation 

XXX 

XX 

XX 

Sclerotial formation 

XX 


X 

Pathogenecity 

XXX 

XX 

X 


— Absent; X^Blight; XX=Moderate; XXX=:Good, 


Both the saltants did not sporulate in any media, were less pathogenetic than 
the parent, and jaonation as well as sclerotial formation were poor. The rate of 





Fig. 7.— Linear rate of growth of C, doUcM audits saltants and Bg on oatmeal agar at 27*5®C. 

VII. Summary. 

1. Cefcospora dolioU E. and E. is parasitic on leaves, petioles, stems, pods and 
seeds of DoUchos Lablab. The morphology of the parasite is given in text. 

2. A study of the fungus was made on a large number of artificial media. Its 
growth is better on thickly poured plates than on thinly poured plates; more in 
alternate light and darkness than in complete darkness or continuous light. 

3. Alternate light and darkness and fluctuating low and high temperatures are 
the two important factors influencing zqnution in artificial culture ; other factors 
such as the amount of media and the concentration of media ixifluen.ce, but do not 
initiate zone formation. 

4. It can tolerate a wide range of relative humidities from 47-100 per cent., 
the optimum humidity for growth being 78*7 per cent. 

5. On Coons' solution 10 iW/100, the dry weight of the mycelium decreases 
with the decrease in concentration of the medium and on Eichards' solution agar, 
the linear rate of growth decreases both by increasing and decreasing the normal 
concentration of the m 
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6. Potusssium acid plLOsphate is the most important constituent of Doxs’ solu- 
tioii influeBciiig the growtli of the fungus ; cane sugar and potassium nitrate are next 
in importance in the order mentioned. 

7. Growth was most abundant on 5 per cent, maltose solution and least on 5 
per cent, lactose solution. 

8. The optimum temperature for the growth of the fungus is 25‘^0. in all media 

tried except on Eichaxds’ solution agar where it is 27*5'"0. There is no growth 
at and S7-6°C. but at latter temperature growth occurs on Eichards' solution 

agar. 

9. The size and septation of spores are remarkably affected by temperature, ihe 
nature of the medium and relative humidity. The size and septation of spores are 
greatest on Eichards' solution agar at 27*5X\; below 20'^C. ajid above 30°Cl the spores 
formed were smaller in size and fewer in septa. The spores formed on wheat straw 
were longest in size and with a large number of septa. The size and septation of 
spores increase with a rise in relative humidity. 

10. Secondary spores are often formed in culture, these are either uiiseptate 
or oo,e-septate. The optimum temperature for spore germination is 25'''C. 100 per 
cent, carbon dioxide had a retarding effect on spore germination. The optimum 
hydrogen-ion concentration for spore germination is 6*9. There is no germraation 
at pH 2*1-2 *8 and 91. 

11. The optimum hydrogen-ion concentration for the growth of the fungus 
is 7*1. There is no growth at pH 2*l-2*7 and 8*5. 

12. Infection readily takes place in 72 hours with mycelium as inocula. With 
spores suspension, infection spots are formed after 6 days. It can also infect 
Cajanus indicus, Glyame Msinda, Vigna caijang, Phaseohis radiahis, Plmseolus 
mungo, and Phaseolus aconilijolius. 

13. During the course of study two saltants were obtained and comjrared witli 
the parent form. 

14. This fungus is in most virulent form in the months of Febniary and 
March. A study of the meteorological records of Pusa from 1928-1932, revealed 
the fact that during those months, both temperature and relative humidity are 
most suitable for the spread of the fungus. The disease can successfully be con- 
trolled by growing disease -resistant early varieties. 

In the end I like to express my deep sense of gratitude to Dr. W. McEae, 
M.A., D.Sg., P.L.C., the Director and the Imperial Mycologist, Pusa, for giving me 
all possible facilities for the investigation and to Dr. M. Mitra, M.Sc., Ph.D., D.I.C , 
the First Assistant, Mycological Section, Pusa, for the keen interest taken by him 
throughout the investigation. 
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IX. Explanation of Plates XXXII-XXXI?. 

Plate XXXIL 

(The figures are reduced to 2/3.) 

1^%, 1. Early stage in the infection of leaf ; under surface. x l|. 

Fig. 2. Later stage of the saine. X !■!. 

Fig. B. Advance stage in the infection of leaf under surface. X 1 |. 

5 . 4 ^ 5. Enlarged young and old spots of leaf, X 8, 

Figs, a ^7. Early and advanced stages in the infection of petiole X 1 J. 

Fig.S A spot of the same enlarged* X 1|, 
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A portion of infected stem. X If. 

JO. A spot of tlie same enlsrged. X 6. 

Fig, IL Early stage in the infection of pod. X 1|* 

Fig. 12. Later stage of the same. >12* 

Fig. 13, A. spot from pod enlarged, x 4. 

Fig, 14. Early stage in the infection of seed, x 4. 

Later stage of the same. X 4. 

Plate XXXIIL 
(The tignres are reduced to 2-3.) 

j^ig. 1. A portion of tiansverse section ot leaf showing stromata in tiie air space hearing a 
fascile of yomig conidiophores jmojecting out. X 800. 

Fig, 2, A facile of mature eonidiophores with young conidia attached to them. X 800. 

Figs. 3y ^ 5, Mature eonidiophores with young con idia attached. X 800. 

d. A portion of hrauched conidiophore. x 800. 

FV// A'. 7-J5. Typical conidia in nature, x 1,850. 

Figs. 15-18. Chlanydospores produced from sterilized Dolkhm Tjahlah at 27'5'X-. 

X800. 

Fig, 19, Conidiophore with an attached conidium from Richards’ solution agar at 35'^C. 

X 1,850. 

Fig, 20, Conidiophore with conidia attached from Richards’ solution agar at PfC. x 1,850. 

Fig, 21. Conidiophore with conidia attached from Richards’ solution agar at 3PC. x 1,850. 

Fig, 22, Conidiophore with conidia attached to it from Richards’ solotioji ag r at 35%'. 
X 1850. 

4^8. Same as in Fig. 22. at 2o°C. x ^850. 

Fig, 24* Conidiophore from Richards’ solution agar at 3 PC. x 800. 

Figs, 25-82, Typical conidia from Richards’ solution agar at 27'5Xl X 1,850. 

FVf/. A typical coiiidiuin with two secondary conidia fnmi Uichards’ soluiion agfir. 

X 1,850. 

Plate XXXIV. 

FfV* X Zonation ill alternate light and darkness on thin plate of’ Coons’ agar, one month 
old cultui'e (Under surface of culture). 

Fig, 2, Zonation due to fluctuating temperature (18°C.-3PC.) on thin plate of Coons' agar, 
fifteen days old culture (Under surface of culture . 

Fig, 8. Zonation in alternate light and darkness at 100 per cent, humidity on Coons' ugar, 
fifteen days old culture. Saltant Dj, present as -a sector ( IT pptu' surface* of 
culture). 

F/^. 4. Appearance of a non-sporing type of saltant, white sect(»r (I)i),on (Toons’ agar, 
eighteen days old culture at 18°C. (Up jjer surface of culture). 

i%, 5. Appearance of a non-sporing type of saltant (Da) on Coons’ agar, one month old 
culture at 3 PC. (Under surface of culture). 

Fig, 6. Appearance of a non-sporing type of sector (Di), on (Axms’ agar fifteen days oM 
culture at 30°C. (Under surface of culture). 
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(With Plates XXXY-XXXYTIT) 

Introbuctoey Nom 

Oiir common House (and Ship-) Cockroach is too well-known in India to 
require any introduction, but its life-history under Indian conditions has remained 
something of a mystery. In spite of its abundance we did not know definitely 
how long it took to develop to the adult state or how many life-cycles were passed 
tlirough annually. Many years ago several attempts were made in the Pusa Insec- 
tary to ascertain these facts but those attempts failed at that time, as this 
cockroach, in spite of its dominance under natural conditions, proved to be very 
dijficult to rear under artificial conditions. Some five years ago Mr. Nigam took 
up this work again under my supe|?vision and the present paper records his results. 
It represents a great deal of work under difficult conditions and many disappoint- 
ments. 


Ptoa; 

The 31st March 1932, 


T. Bainbrigge Fletcher, 
Imperial Entomologist, 


Introduction. 

The common house cockroach of India ns the one commonly called the 
American cockroach, and is technically known as Periplaneta americana L. Every- 
one in this country is only too familiar with this insect as it infests every dwelling 
house, in the store rooms, kitchens, cupboards, and libraries, etc. Although this 
insect is very common and familiar to every one, the details of its life-history are 
little known. This is because its life-cycle is fairly long, and, owing to its peculiar 
habits, observations cannot be made so easily as is generally supposed. Its rearing 
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in captivity is by no meatiB easy, especially tinder conditions wliere everytlay 
observations are possible. 

The cookroacli is structurally one of the most primitive insects. It has become 
a classic in that every student in zoology has to dissect it. In some countries this 
insect has been studied in its various aspects. The present paper is the result of 
observations on the life-history and bionomics of the insect under Indian conditions. 

Early history and distribution. 

The cockroach is one of the most primitive insects in the sense of its early 
appearance on the globe. The fossil remains of the roaches are abundantly met 
with in the coal formations, long before the more common features of insect life of 
the present day had begmi to appear. The species now extant are few in comparison 
with the abundance of forms in the carboniferous age, which might with propriety 
be called the age of cockroaches. The moisture and warmth of that distant period 
appear to have been as favourable to the development of this order of insects 
as to the growth of the. plants which provided the abundant raw material for coal 
formation. 

The house cockroaches of today were undoubtedly very early associated with 
man in his primitive dwellings, and through commerce have been carried to 
all quarters of the globe. The American cockroach, Periflaneta amerioma L, 
which is the common house cockroach in this country, was originally a native of 
sub-tropical and tropical America. It has now become cosmopolitan in distribu- 
tion. 

In India it is found almost throughout the whole country. The other common 
species in this country is Perifhmeta cmsiralasiw Fabr. which is very similar to 
P. awim'cona L., but it is not so widespread as the latter, being found mostly 
in Southern India and Ceylon. The two species can be readily distinguished by 
the presence of two yellow streaks on the costal margin of the fore-wings, 
running obliquely from the hind margin of the pronotum in the case of P. 
australttsicB Pabr. 

Habits. 

Adult cockroaches live in dark places, kitchens, under stones, and in cupboards, 
etc. They are omnivorous— little comes amiss to them. Paper, books, boots, hair, 
bread and fruits are all devoured by them with avidity. They display a partiality 
for sweetened food and are specially fond of starchy food. They are the 
source of great damage to clothes, and the bindings of the books in libraries and 
publishing houses. The paste or sizing used in cloth covers and in the binding 
of books is very attractive to them. They always scrape and disfigure the covers 
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of clotli-bound books. Their flattened body enables them to get entraiioe through 
very narrow cracks and crevices, and to take shelter <almost anywhere. Heat, 
damp, and good food are the ideal conditions for their ' development and multipli- 
cation. They need water also. In the course of observations spreading OYer a 
>series of years it was observed that both nymphs and adults were attracted to 
warmth and moisture. They congregate in damp places or where water is readily 
available. If the water provided in the breeding cages dried up, and was reple- 
nished after three or four days, the cockroaches were observed to run from all 
siaes to the water dish. They usually move quickly and their speed of movement 
and flattened bodies render them difficult to catch or kill. The females, when 
bearing an egg capsule, are somewhat sluggish in their movements. They do not 
usually pass feces till the capsules are laid. They love darkness. During the 
day or when a room is lighted they keep to the hiding places, but as soon as it is 
dark they come out. If the light is suddenly turned on, there is a great scamper 
and scurry to get away. They leave their excreta over anything, and thus spoil 
articles of food, which do not lose their unpleasant roachy odour even wdien cooked. 
Their omnivorous and unclean feeding, combined with their habit of cleaning their 
front tarsi and autennse with their mouth when these have become soiled, render 
them a nidus for various pathogenic organisms which pass out of the body un- 
harmed along with the excreta. Human food which is soiled either by cockroach 
fences, or by the dirt casually borne on their feet, may thus be a cause of serioiiB 
disease. 

Predatory HABIT. 

The cockroaches are frequently seen to eat their own kind. If they are 
lumgry and no food is available inside the cage they attack and devour the weaker 
ones. The unprotected ootheca are often eaten up by them. A definite case of 
predaceousness was observed by Annandale [1910] in Calcutta. He found that on 
the evening of June 9th, during a hea^ 7 ' downpour of rain, numerous termites 
flew into his dining room, and were borne to the floor by the current set up by the 
electric fan. As they lay struggling many of them fell a prey to a lizard, while 
others Avere devoured by cockroaches {P. americana L.), Each cockroach stood 
over one of the termites with its legs spread out and firmly planted , and seizing 
the struggling insect with its jaws, began to gnaw the abdomen. If disturbed the 
cockroach carried the termite away in its mandibles. Sometimes the whole body 
except the wings was devoured, and sometimes only the abdomen. 

Besides, cockroaches have been recorded to prey upon bed bugs in the houses. 
In this respect alone perhaps they may be said to be of some use to mankind. 

The nymphs also, like the adults, are very active and run about with great 
agility. They also love darkness. They like starchy and soft food. They can 
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live without food for several days like the adults. In some cases when the food 
supply of the nymphs of the second instar was almost cut off for seven days they 
were all found living. Food with fungal growth is distasteful to them. The copi- 
ous growth of fungus mycelia and spores inside the small glass tubes containing 
the nymphs did not prove fatal to them for a few days, but if they were kept there 
for a long time, they would die. The nymphs devour their own exuvia with 
avidity, and sometimes it becomes very difficult to find any trace of the exuvium. 
The older the nymphs the more quickly do they finish off their cast skins. Almost 
all the parts of the exuvium are eaten up except the leg moults. The third and 
the fourth exuvia were eaten away so quickly that at times it was found very 
difficult to detect the ecdyses. 

Life-cycle. 

Technique , — Several couples of P. awbencmia L. were placed in large glass 
cages for copulation and oviposition. The egg capsules that were laid were removed, 
labelled, and kept separately for hatching. The nymphs which emerged from the 
capsules were kept each in a separate glass tube to note their growth and ecdyses. 
When they had grown big enough they were transferred into bigger cardboard or 
wooden boxes with glass tops. Some broods of the nymphs which hatched out of 
the same capsule were placed together in a single large glass cage with darkened 
sides and a layer of earth at the bottom. A regular supply of food and water was 
maintained in all the cages. 

Formation and retention of the ooTHEOis by the females. 

Eggs of P. americana L. are not laid singly as in many other insects, but are 
brought together within the abdomen into a capsule or ootheca which is seen pro- 
truding from the genital opening of the females. When the formation of the cap- 
sule begins, its colour is whitish at the tip, which protrudes only slightly from the 
opening. Later on, with further formation of the capsule, it protrudes more and 
more and its colour changes to brown. When completely formed it is retained by 
the female for some time and deposited in a favourable spot. The period of reten- 
tion of the capsule after it becomes visible up to the fcime when it is laid ranges 
from 6 hours to 25 hours. In general it ranges between 6 and 12 hours. 
The maximum period of retention actually met with did not exceed 25 hours as is 
shown in the f ollowing table. Haber [1920] has mentioned that odthecse are re- 
tained by the females until places of favourable moisture and thermal conditions 
are found. Thus, if a cage is too eold^ too damp, or too well-lighted or too poorly 
provided with suitable material for egg-laying or for concealing the ootheca; the 
female may retain the ootheca for several days. In cages with fovourable environ- 
ment the oothecse were deposited the day after protrusion. 
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Table L 

Showing the feriod of rete/ition ofootheoce by the females. 


Mother seen with protruding capsule 


Bate of the laying of the capsule 


7th May (Morning) 
11th May „ 

12th May „ 

13th May (Noon) 
14th May „ 

16th May (Morning) 
16th May „ 

17th May „ 

17 th May „ 

18th May 
18th May „ 

20th May „ 

20th May (Noon) 
23rd May (Morning) 
26th May 

30th May (Morning) 
31st May 
4tb June 

7th June (Morning) 
14th June „ 

16th June „ 


7th May (Night) 

11th May (3 p m.) 
12th May (6 p.sn.) 
13th May (10p.na,) 
15th May (Evening) 
17th May (Midnight) 
16th May (10 a.m.) 
17th May (Evening) 
18th May (2-5 p.m.) 
18th May (Night) 
19th May (Noon) 
20th May (5 p.m.) 
21st May (6 a.m.) 
24th May 
26th May (Night) 
30th May „ 

1st June ,, 

6th June „ 

7 th June (Evening) 
14th June (Night) 
15th June „ 


Season op egg deposition. 

The capsules are generally laid during the summer, beginning from April or May. 
The breeding, which is very vigorous in summer, slows down with the approach 
of winter months. Very few, if any, capsules are laid in winter. The activity 
of the adults as well as of the nymphs becomes dormant during the winter, as is 
generaHy the case with insects. With the advent of summer the egg-laying restarts. 

Egg deposition. 

A female is mature and able to reproduce in 1-2 weeks after the final moult. 
According to Cottam [1922] also the newly emerged female is mature to lay eggs 
in 10-17 days after becoming adult. The laying of the egg capsule usually 
starts in 3-7 days after copulation. Eresh mating is not essential for the laying 
of each capsule. A female is able to lay several capsules even after the male is 
removed from the cage. Haber [1919] has recorded that as a result of single 
mating 13 egg masses were laid in 4 months. 

The capsules are deposited by the females usually in the comers of the cage, 
or in some secluded and concealed spots, under bits of paper on other materials. 
The female, just before depositing the capsule, roughened the surface of the card- 
board which was placed in the cage. It gnawed the upper surface of the card- 
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board until it made an appreciable grooTe. It did not drop the scrapings of tbe 
cardboard, blit worked them up with the saliva from the month into a plastic 
material, which was stuck to the surface of the groove. , After a short time the 
female was seen searching for the groove with its bent abdomen carrying the 
capsule. On locating the spot it laid the capsule in it. 

The egg capsules, when laid, are generally covered up with bits of paper, rags 
or bread in order to conceal them. If nothing is handy then the female is vSeen 
utilizing the dried excreta of the cockroaches to conceal the capsules. Egg capsules 
which are deposited in unprotected spots and lie exposed are usually eaten up by 
other cockroaches or even by the mother. Very often the oothecee are seen at^ 
tached, in their natural habitats, to rafters, and covered with bits of wood fibres 
chewed off by the strong mandibles of the mother. Sometimes, when no mate- 
rial is available inside the cage, the oothecse are dropped haphazard, and remain 
uncovered. 

The number of egg-capsules laid by a single female during her life-time is 
variable. It depends upon the opportunities for mating, the temperature, the 
food supply and the longevity. The females which were isolated and had no 
access to males were found to lay either no capsules or only one or two capsules 
of smaller size. These did not hatch. One female was kept alone in one cage 
for 8 months from October to May without laying any capsule. The usual number of 
egg-capsules laid by a single female was found to be 10-15 within ten months from 
September to June, out of which the period of about 6 winter months (from Novem- 
ber to March) was passed without any egg-laying. It is very probable that the 
number of capsules laid in their natural habitats 'may be much higher than the 
number laid in captivity. Illingworth [1915] has recorded that in the case of 
Phylhdromia hespes Teik,, the meiximiim number of egg-capsules deposited by a 
single female was 38. The interval between successive egg-laying is on an average 
found to be 4-10 days when the females have ample opportunities for mating. 
The maximum interval met with during the course of observations was 18 days 
and the minimum was 2 days. Haber [1919] found that a female laid 13 egg 
masses at an interval of 5-12 days in 4 months. 

Egg-capsnh {Plate XXXY , figs. a~g). — The capsule or ootheca is a hard 
chitinous body, bean-shaped, and of a brown colour when freshly laid. TEe colour 

changes to dark brown or even black in about 24-48 hours. The capsule is 

more or less oval in cross-section (Plate XXXV, fig. c). The length of the capsule 
along the upper ridge is 7*5 mm. and along the ventral or opposite side it is 8*6 
mm. The breadth or thickness is 4*5 mm. and the height is 5 mm. Some of 'the 
capsules were found to vary in size and measured only 6*5 mm. along the upper 
ridge. 
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Ridge {Plate XXXV, figs, a m^d g).— The upper side of tlie capsule bears 
a conspictious ridge wbicli is serrate; It bears usually 16 teeth. The apices of 
the teeth are darker in colour than the rest of the body of the capsule. The space 
just below the projecting teeth is light brown in colour. Each tooth when seen 
under high magnification discloses a minute opening at the apex (Plate XXXV, 
fig. //). The ridge is bordered below by a dark line running parallel to the upper 
edge. The portion of the capsule below the ridge contains the eggs whose upper 
outline is marked off as dejiressions on the chitinous covering. The upper one- 
third of the body of the capsule is narrower than the lower two-thirds, where the 
basal portions of the eggs are lodged (Plate XXXY, figs, c and/). 

Egg {Plate XXXV, figs, c-/).— The eggs are arranged inside the capvsule in 
two longitudinal rows, so that the individual eggs of the two rows alternate (Plate 
XXXV, fig. d). The usual number of the eggs met with is 16, although in a 
few cases a less number is found. In a transverse section of the capsule we find 
that there is an open slit between the eggs of the two rows and this runs along the 
whole length of the capsule, showing thereby that the eggs of one row, although 
alternating with those of the other, are not wedged in between them. Each egg is 
elongate and cigar-shaped, slightly bent toward the upper or head-end* It is 
wider on the lower or basal end. The head-end lies opposed to the ridge. The 
egg is creamy yellow in colour and its outer covering is very thin, transiiarent, 
and membranous. 

Hatching OF THE EGGS. 

The egg masses laid by the females were kept in moist and warm cages, and 
numbered. They were found to hatch almost invariably about 27 or 28 days after 
the date on which they were laid. This period of 27 or 28 days was remarkably 
constant, with very rare variations, when it was lengthened by 2 or 3 days only. 
Haber [1919] has stated that in Minnesota the egg capsules take about 70 days to 
hatch at a temperature of 77 degrees in dark cages. Table II illustrates the period 
of hatching. 

Table 11. 

SIwwi/ig the period of the hatching of capsules. 


Date of laying of 
capsules 

Date of hatoMng of tlxe 
capsules 

Number of days 

May 1027 

June 1927 


10th 

12th 

' 27 . 

17tli (Niglit) 

13th 

27 ^ 

17th (Evening) 

Uth 

, , 28 , 

18th (2 p.m.) 

Uth 

27 

19th (Noon) 

15th 

27 ^ " 

20th (6 p.m.) ■ 

16th 

27 

21st (5 a.m.) 

18th 

i ■ ' 28 . 

26th (Night) 

22ad 

1 '27:: 


,.J 
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When the nymphs are about to emerge, the ridge of the capsule dehisces longitudi- 
nally and nymphs make their appearance by the head-end. The anterior portion 
is first protruded, then the lateral movements are frequent until the body is clear 
out of the egg-shell. The amniotic covering remains attached to the mouth of the 
egg-shell as a white fringe. Maternal care for the nymphs is absent in the case of 
this insect. 

The number of nymphs which hatch out of a capsule is 16 as a rule. The 
number of eggs found inside the capsule is also 16. Some capsules are smaller in 
size and the number of nymphs emerging out of them is also less# Laing [1921] 
has mentioned that the maximum number of eggs in a capsule of P. amenimna L., 
is 14, whereas the writer has met with 16 as the maximum number in this country. 
Haber [1919] has stated that in Minnesota the egg-cases of this species may contain 
18-28 eggs and from 20-24 are common. ^ 

Nymphs,— first instar {Plate XXXVI, fig, a).— When the nymph emerges from 
the egg it is pale or cream coloured with dark ochraceous prominent eyes. 
With the lapse of time and exposure to air the body assumes a darker colour. It 
begins to move about soon after emergence. The nymphs are very much like the 
adults excepting that they are devoid of wings, and are smaller in size. The sub-anal 
styles are present in the nymphal stages of both the sexes, though these are absent 
in the adult females. * 

The first moult occurs after about a week from the date of hatching. In most 
cases the nymphs were observed to eat their own exuvia. The nymphs of 
P. amerioana L., difier in this respect from P. orientalis Sulz., in which Cornelius 
[1853] states that the first moult occurs just when the nymph escapes out of the 
capsule. Table III gives the measurements of a newly emerged nymph. 


Table III. 

Showing measurements of nymphs 12-20 hrs, after hatching. 


No. ' 

Length of 
body exclu- 
ding cerci 

Length of 
cerci 

Segment 

of 

cerci 

Length 

of 

antenna 

Length, 

of 

pronotum . 

Length of 1st 
and 2nd thoracic 
i terga 


mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

1 

4*1 

0-9 

3 

4*6 

0-76 

0*78 

2 

4*2 

0*9 

3 

6*6 

j 

1 

■■ ■■ " I. ■ 


Second instar {Plate XXXVI, fig, c).— Immediately after the first ecdysis the 
colour of the chitin is more or less pale yellow. This, however, darkens with 
exposure to air. There is a small black fascia on the mid-abdomen dorsally and it 
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is Been through the transparent ciitm- on the dorsum. This, later on, elongates 
and forms a longitudinal band extending from the posterior end of the pronotum 
up to the tip of the abdomen. Other than an increase in size in the thoracic 
region there is no appreciable external change in the body from that of the first 
instar. Only the size increases appreciably and the cei'ci become more segmented. 
The measurements are : 

Table I?. 


Nymphs of second inslar. 


Length of 
the body 

Length of 
the cerci 

i 

Segments of 
cerci 

Length of 

1 the 

antenna 

' Length of 
the 

pronotum 

Breadth of 
the body 

Length of 1st 
and 2nd thoracic 
terga 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

4*6 

1 

7 

6 

1*4 

2 

1*26 

' 4*6 ^ 

J 

7 

5*6 

1‘7 

2 

1*25 


'Wte'.-'C.' 







• ■• The nymph, when about to moult, becomes stationary. There appears a 
longitudinal slit on the thorax dorsally and the nymph gradually draws itself through 
it^ The period of the duration of the second in star is much longer than that of 
the first instar. On an average it varies from 3 to 4 weeks. In the first instar it 
was noticed that almost all the nymphs from the same capsule cast off their skin 
more or less simultaneously or within a space of 2 or 3 days. But in the case of the 
nymphs of the second instar the moulting is not simultaneous. It takes j)lace with- 
in an interval of 7 or 8 days. In one case, however, it was noticed that the second 
moult, instead of occurring within 3 to 4 weeks after the first moult, did not occur 
till about 8 weeks after the first moult. 

Later instars (Plates XXXVII and XXXVin).~lt may be said, in general, 
that nymphs do not undergo any marked change externally while passing through 
subsequent instars, except that the size increases at each moult. A change in the 
colouration of the pronotum is noticeable in the sixth instar. The pronotum, which 
is unicolourous in the earlier stages, develops two white patches on each side of the 
dorso-median line. In the penultimate stage, the nymphs are fairly big in size and 
the wing bases become especially enlarged (Plate XXXVIII, fig. a). After the last 
moult the insect comes out with fully developed wings, which are soft and tran- 
sparent in the beginning. Just after the moult the whole insect looks white with 
black and prominent eyes. After exposure for some time the wings become brown 
in colour and hard and tough in texture. The colour of the body of the insect 
changes, as usual, to dark brown after a few hours. 
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The following tables give an idea of the duration of various instars through 
which the nymphs pass before attaining the adult stage. 

Numbers and duration oe instars. 

Table V. 


Instar of the nymph hatched on 1st August 1928. 


Number of the moults 

Bate of moulting 

Duration of the instars (days) 

1st ‘ 

12th August 1028 

12 

2ud 

26th „ „ 

14 

3rd 

2nd September 1028 

,7 

4th ' i 

17 th January 1929 

137 (4|- months) 

5th 

8th February „ 

22 ■ ' 

6 th 

25th August „ 

198 (OJ months) 

7th (Adult) 

20th September „ 

26 


Total 

13 months and 20 days 


Table VI. 

Instars of the nymph hatched on 1st August 1928. 


No. of moidts 

Dates of moultings 

Duration of the instars (days) 

1st 

12th August 1928 

12 

2nd 

22nd August „ 

10 

3rd 

6th September 1928 

15 

4th 

11th October 1928 

36 

5th 

24th „ „ 

13 

6 th 

18th March 1929 

145 

7 th 

5th April 5, 

18 

8th 

13th August 1929 

129 

9 th (Adult) 

5th September 1929 

23 


Total 

13 month sand 5 days 
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Tabm VII. 


Instars of the nymph hatched on 8th August 1928, 


Kumber of moults 

Dates of mouitings 

Duration of instars (days) 

1st , 

15th August 1928 

7 . . 

SbcI 

27th „ „ 

12' 

m 

? 

? 

4th 

26tli September 1928 


bth 

23rd March 1929 

177 

6th 

Sth June „ . 

77 

7th (Adult) 

2i\d September 1929 

86 


Total 

12 months and 24 days 


From the above it will be seen that the number of moults is variable. Marlatt 
[1919] also mentions that cockroaches undergo a variable number of moults, some- 
times as many as seven. Generally speaking, there appear to be about 7 or 8 
moults. The duration of the instars is very variable. The earlier instars are of a 
shorter duration than the later ones. The instar which falls during the cold months 
is exceptionally long. In winter there appears to be a partial hibernation. 

The development of this insect is unquestionably slow, and the period of attain- 
ing the adult stage is also variable, depending upon favourable climatic conditions 
and the supply of food. In captivity and under artificial and adverse conditions 
the development seems to be slower than under favourable conditions. The nymphs 
that were kept singly in glass cages took about 13-15 months or so to become 
adults, whereas some of the nymphs, that were kept together in big cages with a 
layer of earth at the bottom, with darkened sides, and with enough food and 
moisture, became adults in ten months .or so. Thus from a number of data 
obtained while working out the bionomics of this insect it can safely be said that 
there is practically only one cycle in a year under conditions at Fusa. Table VIII 
shows the actual periods taken by various nymphs from the egg to the adult 
stage. 
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Table VIII. 


Showing the nymphal periods. 


Numbor of the 
nymph 

Date of hatching 

Date of becoming adult 

Total nymphal 
period 

A 

1st October 1928 

12th August 1929 

Months days 

10 12 

B 

Do. 

17 th August 1929 

10 

17 

C 

Do. 

Do. 

10 

17 

D 

Do. 

1st October 1929 

12 

0 

E 

Do. 

21st March 1930 

18 

21 

/, F ■ 

Do. 

22nd March 1930 

18 

22 

: a 

Do. 

Do. 

18 

22 '■ 

. B. , 

Do. 

16th April 1930 

19 

16 

I 

Do. 

2nd May 1930 

20 

11 

j 

Do. 

lst-7th Juno 1930 

21 

0 

On 

lat August 1928 

20th September 1929 

13 

20 

Oi4 

Do. . 

6th September 1929 

13 

6 .. 


8th August 1928 

2nd September 1929 

12 

25 


Do. 

21st March 1930 

19 

13 


From the above it will be apparent that the total period covered by nymphs 
to become adults ranges between 10-21 months. This wide range of the period 
shows that the development depends upon favourable conditions. Marlatt [1908] 
has recorded that the total nymphal period of P. americana is 11 months. He 
points out that the rate of growth depends upon food and temperature and that 
the period is often lengthened under unfavourable circumstances. 

The growth of the insect in size is indicated in Table IX. 

Table IX. 


Showing mmsurements of the nymphal and adult stages of P. americana. 


Stage 

1 

Length 
of the 
body 

mm. 

1 

Breadth 
of the 
body 

mm. 

Length 

of 

antenna 

mm. 

Length 

of 

pronotum 

mm. 

Length of 
wing bases 
of 1st and 
2nd thora- 
cic terga 

mm. 

Length 

of 

cerei 

mm. 

Sogmonts 

of 

cerci 

3rd instar , 

10*5 

3*7 

20 

12 

1*2 

1*25 

9 

Penultimate stage 

30 

11 

31 

6-7 

7*5 

3*2 

18 

Adult stage No. I 

35*6 

12*7 

45*72 

8*8 

. . 

6*6 

20 

Adult stage No. II 

38 

12*7 

38*1 

11*2 

•• 

6*5 

20 
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The dimensions of the nymphs of a particular stage as well as of the adults 
are not always uniform. They are found varying in many cases. All the adults 
of the same sex do not measure equally. It appears that the size depends upon 
the environment and food supply. 

Adult STAGE. 

The adult cockroach, which emerges after the last ecdysis, is fully winged. 
The first pair of wings or the elytra in the males are long and extend beyond the 
abdomen, whereas in the females they are as long as the abdomen, or extend only 
a little beyond it. After the last ecdysis the adult is flat, light ferruginous in colour, 
with head deflexed. Dorsally the head is black with reddish blotches below the 
antennse. The antennse are longer than the body. The pronotum is sub-rotundate, 
yellowish testaceous, with two large whitish spots onth^ dorsum medially with 
indistinct outline. The supra-anal lamina of the male is broad and incised ; lobes 
are broad and rounded. The supra-anal lamina of the female is triangular, 
deeply and narrowly incised ; the lobes are narrow and the apex obtuse. The cerci 
are more than twice as long as the laminae. Styles are present in the males only. 

Eegenebation. 

The phenomenon of regeneration is well illustrated by this species of cockroach. 
These insects possess long legs and long antennae, which are very liable to breakage. 
Like many other insects they have the power to regenerate the lost parts, provided 
the final adult stage has not been reached, and provided that the stump of the 
broken organ remains. If a limb is entirely destroyed, regeneration is not possible. 
One antenna of a nymph was broken during measurement and drawing. It was 
found regenerated after the next moult. 

Cockroaches and disease. 

It has long been suspected that cockroaches, if not the actual carriers of 
pathogenic organisms, are at least likely to serve as a nidus, on account of their 
peculiar habits and habitats, for the existence, development and ultimate 
dissemination of pernicious organisms. No critical work seems, hitherto, to have 
been done in this country to ascertain the r61e played by these ubiquitous insects 
in the propagation and dissemination of disease germs. From what has been done 
in the past these insects have been known to be responsible for causing the souring 
of milk with their intestinal bacilli. Barbar [1912] has shown them capable of 
disseminating plague and cholera bacilli, which multiply in their intestines without 
losing their vinilence, the hosts themselves remaining incimune. 
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Macfie [1922] shown that the following organisms pass through the intes- 
tines of P. amenViMt., quite unharmed. 

Bacillus tuberculosis, B.leprcB, cysts oi Entamoeba histolytica, E. coli, msts oi 
GiarMa intestinalis, eggs ot Amyclostoma dmdenale, A. ceyhnicm, Necator amerie- 
anus, Ascaris lumbricoides, Trichuris triehura, Tcenia saginata, md ScMstosoma 
hoematobium. 

Miall and Denny [1886] have mentioned the presence of the following in the 
body of the cockroach :• — 

Amoeba blatimBiitshl-, Qfegarina blattarum Biele, Lophomonas hlattamm ^tmx, 
mAEilaria rhytifleuritis, etc,^ etc. 

It rests with those more qualified in this line to extend the field of knowledge 
regarding the r61e of this insect in acting as a reservoir for the development of 
pathogenic bacteria which are causative of ailments, which lay a heavy toll of life 
annually. In this paper the facts regarding the bionomics of the insect as observed 
under local conditions have been set forth. 

AoKHO WLED GMEISTT. 

In the end I have to acknowledge that I am deeply indebted to my Chief, 
Mr. T. Bainbrigge Fletcher, R.K, F.L.S., F.E,S., F.Z.S., for the help and guidance 
that I have received during the course of work. 
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STATISTICAL NOTES FOE AGRICULTUEAL WOEKERS.* 

No. 12. -ANALYSIS OF VARIETAL TESTS WITH WHEAT CONDUCTED 
AT SAKRAND, SIND, 1931-32. 

BY 

P. C. MAHALANOBIS and SUBHENDU SEKHAR BOSE, 

Statistical Laboratory, Presidency GoU^e, Gahutta. 

(Received for publication on 3rd October 1932). 

Mr. K. I. TLadani, of the Department of Botany in Sind, Sakrand, conducted 
a varietal trial with 5 varieties of wheat in the Agricultural Research Station, 
Sakrand. The experiment was laid out on an area of 2 acres, divided into two 
blocks of one acre each. Each block was divided into 20 plots of 1/20 acre, so 
that the five varieties were replicated i times in each. The lay-out is shown in 
Eig. 1. Mr. Thadani stated that the plots were randomized. On the assumption 
of a random sample we may proceed with the analysis. 


E 

81-0 

A 

76-2 

B 

81*3 

0 

81*8 

B 

59*5 

E 

77*7 

A 

71*9 

B 

66*1 

0 

44-1 

B 

63*4 

E 

74*3 

A 

66*6 

B 

81-2 

0 

74*7 

B 

83*3 

E 

89*2 

A 

88-0 

B 

68*0 

0 

46*6 

B 

78*2 

B 

78-9 

E 

77*3 

A 

89*0 

B 

85*2 

E 

79*8 

A 

73*3 

B 

73*3 

0 

61*4 

A 

76*2 

B 

74*9 

C 

66-7 

B 

63*4 

B 

83-3 

C 

76-8 

B 

76-4 

E 

85*9 

0 

78*5 

B 

68*9 

E 

95*1 

A 

72*5 


%. 1 . 


* A large number of enquiries of a statistical nature are being received from agricultural vsrorkers 
in different parts of India. Many of these enquiries are of considerable general interest, and it is pro- 
posed to publish notes on selected topics from time to time. These notes will deal mainly with 
statistical methods and procedure, and it is not intended that they should always contain new matter. 
[Ed.l 
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The average area harvested for each plot after excluding border rovrs and 
bunds was 1,565 sq. feet (1/36 acre). The yield of wheat in lbs. per plot of 1,666 sq. 
feet is shown in Fig. 1. 

Mr. Thadani noted that in Block II, there were patches,” the area and 

exact location of which are given in the following table : 


Location 

Area of the patch 
(Sq. foot) 

Block 

Column 

Row 

11 

A 

4 

139 


■ 4 '■ ■' 

'5 

85 ■ 

II 

3 

4 

74 

II 

2 

4 

40 


The harvested area included these patches. A glance at Fig. 1 does not 
suggest that the yield-figures are seriously afiected by these patches. The detailed 
analysis also supports the view that the “ patches ” may be neglected without 
introducing appreciable errors. 

We may analyse the resuls separately for the two blocks. The analysis of 
variance for Block I is given in the next table. 


■ 

B. P. 

Sum of 
squares 

Mean 

square 

Valt 

Observed 

FE OF 

5 per cent. 

Varieties 

4 

790-27 

197*57 

0-0932 

0-5907 

Columns 

3 

110*91 

36*94 



Residual 

12 

1907*38 

163-95 



Columns and residual 

15 

2078*29 

138*55 



Total 

19 

2868*56 





The observed and 5 per cent, expected values of z are also given in the same 
table. The observed value of a is much below the 6 per cent, level, so that the 
varietal difierences do not appear to be significant. 


indiah jotjenal oe ageicultueae science . , 

k nf different varieties are sliown in tffe following tabel: ■ 


XJLXj li-U 


The Hieau yields of the different 


Varieties 


Mean yield in 


Lbs. per plot 


Percentage 




A similar analysis for Block II is shown in the next two tables. 


Sum of Mean square 
squares 


Value oe a 


Observed 5 per cent 


Varieties 

Column 

Residual 

Column and residual 


1293‘39 


The value of z is below the 5 per cent, level of significance, so that the varietal 

differences again appear to be insignificant. 


* Tbe names of the vameties teited were : — 

A=PuaB]2, ^ 

B=Pusa 80 / 6 , D=Pu 8 a 114 , 


l=Cpt47. 
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The mean yields in Block II are shown below . 


Varieties 


Mean held in 


Lbs. per plot 


Percentage 


The similarity of the results yielded by a separate analysis of the two blocks 
suggests that it might be desirable to analyse the data for both blocks taken 
together. This will give us eight replications which are likely to lead to an increased 
precision of comparison. The analysis is shown below. 


— ■ 

: B. P. 

Sum of 
squares 

Mean square 

Value of m 

Observed 

[ 6 per cent. 

Varieties 

4 

1182*63 

296*66 

•6009 

*4992 

Block 

1 

177*64 

177*64 



Column 

6 

248*29 

41*38 



Besidual 

28 

2729*79 

97*49 



Columns and residual 

34 

2978*08 

87*69 




39 

4338*35 





The observed value of z now lies between the one per cent, and the 5 per cent, 
point. That is, such a value of z is likely to occur less than once in 20 trials. We 
may, therefore, consider the varietal difierences to be significant. The mean 
yields are shown in the next table. 




i 11 
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Varieties 

i 

' 

Mean yield in 

Lbs. per plot 

Bercentage 

A 

76-71 

102*62 

B 

76-67 

102*58 

G 

66*32 

88*73 

B 

71*50 

96*65 

B 

82-54 

110*42 

Mean 

74*75 

100-00 

S. E. 

3*49 

4*67 


We conclude : — 

(1) There is no significant difference in yield between A and B or between 0 
and D. 

(2) Varieties A and B are significantly superior to C but not to D. 

(3) Variety E is significantly superior to Varieties C and D. 

The experimental error is of the order of 5 per cent., and hence the critical 
difference (which may be considered significant) is of the order of 15 per cent. 

It will be noticed that the division of the experiment into columns has been 
totally useless, for the columnar variances are in all three cases actually lower than 
the corresponding residual variances. This justifies the inclusion in the analysis 
of the plots with “ halar patches 

Full details of the experimental results with a discussion of their agricultural 
significance will be published by Mr. Thadani in due course. The object of the 
present note is to illustrate the method of analysis. 

SUMMAEY. 

Eesults of varietal experiment with 5 strains of wheat in 8 replications conduct- 
ed in Sakrand, Sind, have been analysed in this paper. Although the division of 
the field into eight blocks did not lead to any reduction in the fluctuations due to 
systematic changes in soil-fertility, the precision of the comparison was 4*67 per 
cent. It is interesting to observe that the presence of 4 halar patches within the 
experimental area did not affect the yield of these plots materially. 



* Factional (usually writtoiia^ n\) stands for th,e continued pr’^duct from|l to 2 .e,, 
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No, 13-^ON THE NEFa 0? OF PLOTS IN FIELD TRIALS 


P. C. MAHALANOBIS, 

Statistical Lahomtory^ Presidency College, GalcnUa, 


I. In tlie report of a varietal trial wMch. reached ns recently the plots were 
arranged as shown below, the variates p, q, r,s,t occurring as indicated in the 
chart. The author stated that the plots were randomized, I shall consider this 
point in some detail. 


BY 


(Received for publication on 3rd October 1932.) 


2. It will he noticed that the sequence jo, f, s, t recurs regularly in all eight 
columns. In the j)resent example there are 40 plots divided into 8 columns of 5 
plots each, and it is required to distribute 5 varieties in such a way that each 
variety will occur once in each column. Five varieties can be distributed into 5 plots 
in 6. 4. 3. 2. 1. or 6 ! (factorial 5)^ different ways. As the distribution in each 
column is independent of the distribution in any other column, the total number 
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of ways m wliicb. all the 40 plots can be arranged is given by (5!)^ or 
42,998,169,600,000,000. Incase the sequence ‘p, q, f, t is kept intact within each 
column, the number of ways in which a column can be arranged is only 5. Hence 
for all eight colums the total number of ways would be (5)® or only 390,625 in 
this case. 

Thus such systematic arrangements (in which the columnar sequence is kept 
intact) form only a small portion of all possible ways of arranging the plots. Tlie 
actual proportion in the present example is (5)'^/(5!)'^ or 1/(4,!)® or 1 in 
110,075,314,176. 

We have seen that there are altogether (5!)® possible patterns. In a landom 
selectioo no discrimination will be made between all these different patterns. In 
other words, the essential requirement of a random selection is that all patterns 
are given an equal chance of being selected, so that in the long run eacli piittern 
will occur an equal number of times. Thus, if we ensure the conditions of random 
sampling, an arrangement in which the columnar sequence is kept intact should 
occur only once in 110,075,314,176 drawings. Therefore, it appea.K almost certain 
that the present pattern did not occur hy a process of random selection, but was 
arrived at by design. 

3. The theory of error either in its classical form for large samples or in its 
more recent developments for small samples (as used in Fisher's i- and z- tests) 
is based on the assumption of random samples. Statistical tests can, therefore, 
be only applied when the sample is a random one. In fact, if the sample is not 
random such tests are wholly mvalid. This essential theoretical requirement 
makes it absolutely necessary to have the plots properly randomized in order that 
statistical tests may be applied legitimately. 

One word of caution is required. The fact that any pattern is systematic in 
character is not a sufficient ground for its rejection. The essential point is whether 
such a pattern is obtained by random selection or by some kind of (conscious or 
unconscious) design. It should be remembered that systematic arrangements also 
must occur sometimes in random selections. It is true that they occur very rarely 
(because they form only a very small portion of the total possible patterns), but 
nevertheless they do occur. And if we are certain that no Mas is introduced in 
the process of selection, that is, if the conditions of random sampling are satisfied, 
then we have no right to reject a pattern however systematic or regular it may 
be. In fact such rejection would also invalidate the assumption of a random 
selection, and hence render invalid the application of statistical tests. 

4. An illustration may make this point clear. Suppose we want to find out 
the average height of college students of age 20 studying in Calcutta colleges. 
Further suppose that it is not possible to take measarements of all the students. 
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We must then adopt the method of random sampling, and measure say 5 students 
in each class. After measuring several hatches (or samples) of 5, we find that the 
average height is say approximately 5 ft. 6 in. Let us imagine that we now 
obtain a batch of 5 students all of whom are over 6 feet in height. The sample 
clearly is highly abnormal, and such a sample will occur very rarely. But we have 
no right to reject it, provided we are satisfied that it is a random sample. In fact 
the rejection of such a sample (however abnormal it may appear to be) would 
reduce the accuracy of our fimal estimate. The essential point here is, of course, 
the randomness of the sample, and not whether it is abnormal in character. If the 
condition of random sampling is satisfied then we feel sure that on taking a large 
number of random samples all heights will be represented in proportion to their 
respective frequencies in the population. If a sample of 5 students over 6 ft. in 
height occurs once in awhile, it is certain that a sample of 6 students all under, 
say, 5 feet w^ill also occur sometimes by chance, and it is the inclusion of both 
which will ultimately lead to the correct estimate. 

5. We adopt an analogous procedure in using statistical theory for the inter- 
pretation of experimental results. The answer is invariably given in terms of the 
probability of occurrence of the observed result. For example, in a particular 
experiment we may find that the observed difference will occur only once in 5 
(or 20, or 100, or 1,000 as the case may be) trials, the essential assumption being, of 
course, that all such trials are entirely unbiassed or random in character. Even 
when the probability is less than 1 in 1,000, or 1 in a million, we cannot be abso- 
lutely certain that the difference is real. We are, therefore, obliged to adopt a 
rule of interpretation (which is logically arbitrary in the sense that it depends 
on our own choice, and is not determined by the facts of observation) ; we usually 
adopt the rule that whenever the probability is 1 in 100 or less (or 1 in 20 or less) 
we shall consider the observed difference to be real. It will be observed that by 
adopting this rule we cannot insure that we shall be right every time, in fact we 
are bound to be wrong in about one per cent, (or 5 per cent.) cases. We do insure, 
however, that we are likely to be right, on an average in 99 per cent, (or 95 per cent.) 
of the cases considered by us. But the entire argument rests on the assumption 
of random samples, and the point to be emphasized here is that unless the condition 
of random sampling is strictly enforced, the adoption of an one per cent, (or one 
in a million) level of significance will be of no avail. 
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(Witli Plate XXXIX.) 

The inheritance of bristles in /Se/ana b as foimecl the subject of a previ- 

ous article [Rangaswami Ayyangar. 1933]. Occasionally, in some races, some of 
these bristles bear spikelets at their tips. This occiirrence together with a simple 
aspect of the inheritance of this peculiarity has formed the subject of a pielimi- 
nary paper [Rangaswami Ayyangar, 1928]. This article presents the above and 
the summary of other experiences in the pursuit of the incidence and iniieritance 
of this character of spikelet-tipped bristles. 

A spikeletin Setaria is a fascicle consisting usually of three units [Arber, 
1931]. These may be in the nature of spikelets or bristles. The bristles are branch- 
ed in Setaria glaitca. This common origin, though differential expression, gives rise 
occasionally to evidences of affinity between the component parts oi the fascicle. 
In Setaria veriieilUta the commonest expression of the fascicle is one spikelet and 
two bristles. In Setaria italica in the varieties examined, one spikelet and one 
prominent bristles is more common than one spikelet and two bristles. Instances 
have been met with in which some of the bristles were tipped with a spikelet. In 
8. glauca an extra spikelet rarely takes the place of a bristle brush. In S, verticil- 
kto bristles with rudimentary spikelets are occasionally met with. In the culti- 
vated Setana iialica, spikelets borne on bristles occur in greater frequency and are 
much better developed. 
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cases a small Imob at thebii th ^ 
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The condition represented by a ‘ full ’ incidence of the spikelet has proved al- 
lelomorphic to its complete absence, i.e., the normal condition designated 4iil 

In the year 1925 a selection No. S. I. 20 b segregated and gave 96 ‘ nil ’ 
spikeletted and 28 ‘ full ’ spikeletted heads. The Eg generation showed that the 
spikeletted bristle behaves as a simple monohybrid recessive. It is interesting 
that this functionally suggestive character revealing the origin and morpho- 
logical nature of bristles should behave as a simple recessive dominated by strong 
inhibitory factors which in evolution are possibly responsible for dropping out 
the spikelets borne aloft and left the cultivated Setaria heads with mere bristles 
and their short stalked mass of spikelets. 

The behaviour of the above family as well as of some others raised from 
crosses is presented in Table I. 

Table I. 


Segregating for ‘ nil ’ and ‘ full ’ spiMetting {3 : 1). 


Season 

1925 

1926 

1927 

1927 

1929 

1930 

1931 

1932 

1932 

1929 

1930 

1931 


Generation and family 


S, L 20 b {Natural cross of 1924) 

Fa S. I. 20 b 

Fg S. I. 187, 188, 189, 192 
S. I. 190, 191 
S. I. 193, 194, 195 

From 8. 1. 190 
F^ S. I. 304, 305 
S. 1.306 
S. I. 307 

8, 1. SOS {Natural cross of 1926) 
F^S.LSOS 

6'. /. Crosses XLI, XLIl and XLIV 
S. 1. 195 
S. I. 224 

Pa S. I. 1906 to 1916 

Frorrh 8. 1. 1905. 

F, S. 1. 2224, 2226, 2228, 2232, 2233 
S, 1. 2222, 2223, 2225, 2227, 2229 
2230, 2231. 

From S. 1. 1909. 

Fa S. I* 2236, 2237, 2239 

S. 1. 2234, 2235, 2238, 2240, 2241 

8. 1. Grosses XL¥ and XLVL 
S. 1. 195 
S. 1. 188 


Fa 8. T. 1917 to 1919 
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Further experiences have revealed a greater elaboration in the inlieritance of 
this character. In a number of new families the simple dominance of the hiil’ condi- 
tion is wanting and the heterozygote has a distinct expression intermediate bet- 
ween the ' nil ' and the ' full.' This is the 'stray' condition, and as indicated above 
a sparseness of manifestation of the spikelet-tipped bristles is the general feature ! f 

in this group. This sparseness is confined to the tops of the earheads. There is 
naturally extreme variation in spikeletting in the ' stray ' group. It may partake | 

of the nature of a few chaliy grains or even knobs with short bristles hardly } 

visible above the giain surface of the head, or there may be such a manifesta- 
tion of these pedicelled spikelets as possibly to run the risk of classification with 
the 'fulls '. But in every one of the cases ' strays ' spotted as natural crosses or 
picked from segregating families, have invariably segregated into the 1 : 2 : 1 ratio. 

There is thus no doubt as to the existence of an intermediate heterozygous group. j 

This heterozygous group notwithstanding, the segregation is still of the mono- j 

factorial type and it is possible with some difficulty to classify the populations 
into ' nil ', ' stray ', and ' full ' and they show a close approximation to a 1 : 2 : 1 j 

ratio. In further generations the 'nils' and the 'fulls' have bred true and all j 

the ' strays ' segregated into the three groups. The behaviour of such families 1 

is detailed in Table 11. 


Table If. 

Segregating for ' nil ' stray ' and 'full ' spikeletting (i ; 2:1). 



Generation 

Character 

Behavioxje of spikeletting 

Season 

and 

family 

of 

selection 

‘Nil’ 

‘Stray’ 

‘ FuU ’ ' 1 


From S. L 931 {Selection of 1928) 




..J, 

1929 

S. I. 1228, 1229, 1230 

S. I. 1231, 1232, 1233 

S. I. 1234, 1235 

‘ Nil’ 

‘ Stray ’ 

‘ Full ’ 

Pure 

191 

356 

195 ' ; 1 

Pure 1 


From S. I. 932 






S. I 1236, 1237, 1238 

* Stray ’ 

181 

318 

151 


Crosses 1 -IV. 




j 

1928 i 

S. I. I81 

S. I. 224 


$ 

i 

? 

1928 





. ; 1 

= 1 

1929 

Eg S. I, 1020 Am 

* Stray’ 

080 

im 

658 i 


From 8. 1.1024 

■ . 1 



1 

1930 

Fg S. 1. 1639-1644 

59 

224 : 

403 

'206 ■ , 


586 
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Table II — contd. 


Season 

Generation and family 

Character 

of 

Behavioub of spike letting 

selection 

‘ Nil ’ 

‘ Stray ’ 

‘Full ’ 

1930 

F, From S. I. 1035. 

S. I. 1040, 1053, 1654, 

‘Nil’ 

Pure 




3656, 1658, 1663, 
1664. 

S. I. 1645, 1647-1652, 

‘ Stray ’ 

309 

536 

269 


1056, 1657, 1665- 

1068. 

S. I. 1659, 1660, 1661, 

‘ Full ’ j 



Pure 


1662, 1669, 1670. 

F, From S. I. 1026. 

S. I. 1671, 1672, 1673, 

‘Stray ’ 

322 

673 

333 


1677-1680, 1682- 

1686, 1888, 1689. 

S. I. 1674, ]675, 1676, 

‘ Full * 



Pure 


1681, 1687, 1690. 

Ft From S. I. 1027. 

■ S. I. 1697-1701, 1703- 

‘ Nil ’ 

Pure 




1712. 

S. I. 1691-1697, 1702. 

‘ Stray ’ 

202 

353 

172 


The two sets of behaviour detailed above are distinct. The simple explanation 
of imperfect dominance is not satisfying enough. Further work is in progress to 
elucidate the inter-relationship between the two behaviours, as well as the broader 
setting of this character of spikeletting in its relation to its basic bristle. 

Summary. 

The bristles in Setaria occasionally bear an extra spikelet at their tips in some 
races. This is more common in the cultivated Betaria italioa than in the wild 
Setaria fflauca or S, vertiGillata, and behaves as a dehnite heritable character. The 
condition where most of the bristles are tipped with a spikelet is designated ‘ full ^ 
and it is allelomorphic to the ^ nil " spikeletted bristle condition. The 'full "in 
some families has been found to be a simple monohybrid recessive to ' nil 

In other families dominance is incomplete and an intermediate heterozygous 
class ‘ stray ", where only a few bristles are spikeletted, is present, the three classes 
occurring in a 1 : 2 : 1 ratio. 

The full spikeletted condition has been found to be incompatible with a long 
bristle. 

The history of over 160 families representing both the types of inheritance is 
detailed. 




THE INHERITANCE OF CHARACTERS IN SETARIA ITALlGA 
. (BEAUV.), THE ITALIAN MILLET. 

PART Y. A TYPE OP LAX EARHEAI). 

BY 

G. N. RANGASWAMI AYYANGAIi, B.A., LAB 
MiMet Specialist, 

AND 

P. SESHADEI BARMA, B.Sc. (Ao.), 

Assislani to the Millet BpeeiaMst, AgfiouUural Research Imlikile, (himbidore. 

(Received for piiMication oil 12tli O 
(With Plate XL)* 

In tLe survey for seed material for work on this milletj some seeds were 
gathered from the Madakasira taluq of the Anantapiir district. From the crop 
raised selection No. S. I. 2160 was made. This when sown was iioticed segregating 
into the normal Mense ' earhead and a type of very * lax ' earhead (Plate XL). 
This Fg g^Lerati on gave 87 : ' dense " and 29 ' lax Learheads. From this generation 
12 ' dense t and 3 ' lax " heads were carried forward to a third generation. The 
behaviour of the families raised from these 15 earheads in the third generation is 
presented below :— 


No. ^ 

Character 

of 

selection 

Pg BEHAVIOUB 

‘ Dense ’ 

* Lax * 

S. I. 2254 

‘ Lax ’ 


Pure 

S. I. 2255 




S. I. 2256 




S. I. 2246 

‘ Dense ’ 

Puro 


S. I. 2249 




S. I. 2242 


62 

12 

S, I. 2243 


64 

12 

S. I. 2244 

35 

26 

11 

S. I. 2245 

93 

18 

5 

S, I. 2247 

33 

56 

16 

kS. I. 2248 


122 

48 

S. I. 2250 

33 

200 

72 

S. I. 2251 

S3 

132 

41 

S. I. 2252 


23 

5 

S. I. 2253 

SS 

100 

30 

Total 


803 1 

252 


667 
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Tlie segregation was clean and clear-cut, there being no gradations likely to 
lead to a confusion in the grouping. It is obvious that this difEereiitiation is 
brought about by a single factor, provisionally designated A. The ' dense ' heads 
had this factor A. The 'lax' heads lacked it. 

This type of great laxity, so uncommon and so uneconomic but still so very 
definite, was pursued by an examination of the two groups of eaiheads. Heads 
from both groups were paired up. and an analysis of 20 earheads from each of these 
shows that this type of laxness results in the combined effect of a lesser number 
of spikes, fewer number of grains per spike, and a chronic non* setting of the 
grains in the spikes. Details of this analysis are given below : — 

Average of 20 heads ‘Denso’ "Lax* 


No. of spikes . . . . . . . . 121 105 

No. of spikelets 2,660 1,100 

Chaffy spikelets . . . . • . , . 22 per cent. 71 per cent. 

No. of spikelet-tipped 

bristles ..... ... Nil 39 

Bristle length . . . . . . .8*5 cm., 10*5 cm. 


It will be noticed that this single factor difference has meant such a sharp drop 
in the economic status of the ' lax ' head. There were, and could be, no such 
' lax-headed ' varieties under eultivation. In a poor man's crop grown under 
dry -farming conditions, the elimination of the unfit is very quick. As such, the 
occurrence of this type of earhead can only be accounted for in terms of some kind 
of mutational origin. The primitiveness of the ' lax ' earhead is evidenced by an 
increase in its bristle-length and by the presence of spikelets at the tips of some of 
the bristles. It was noticed that the ' lax ' heads ripened a week later than the 
' dense ' ones. 

It is remarkable that a single gene should be responsible for giving this sharp 
and unexpected glimpse into the history and evolution of the ' dense ' earhead in 
this millet. 

Summary. 

A primitive type of ' lax ' earhead characterised by fewer spikes, fewer spike- 
lets, and chronic sterility, has suddenly occurred and behaved as a simple recessive 
to the normal economic ' dense ' earhead. A factor A is set down to be responsi- 
ble for this difierence. 


THE I“TMCB OJ 

^ VaET VI. ALBINISM. 

BY 

G. N. RANGASWAMI AYYANaAE, B.A., I.A.S., 

Millet Sfedalist, 

AND 

T. K. NARAYANAN, B.So. (Ag.), 

Mim 

Albimsm, tie axtteme j932]. I„ the cultieetotB' fields 

tttet ,1th la oe»eh tf “XTrcht ” LvW hut it tata a long time 
this lethal eharaetet ^ ‘ j*, i^ieiitance this undesiiable ohamctet 

for it to disappear. Witli a 1 » 

eould be eliminated m a oonple »1 rice*, 

oppeetunity of meetup atiom Im™ ocutted and have been 

Comir:^g to Biilletfe, m soi^i Avyar, 1932]. In Memtne 

13UTSiiefl [EangaBwami. ± yyangar . mducenient of albiiiism lias been 

roroc«n« iiitensive work, me lie mg phenomenon lias been met 

possible [Raiigaswami [1930]. 

in Penmsemn typImdeuM [Id ^\c 1 In tbe year 1929 white 

This article records its occarrence in ^In^the 536 

seedlings were noticed to occur surviving greens. Twenty 

:!i:S:s":rS^^ a:;; s^vn, aJ the behaviour of ihe third genera- 

tion is recorded b elow: ,,, L 

No. 
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It will be obvious that tins is the usual mono-factorial type of albinism so 
common ill cereals. A factor has been provisionally set down to be resjjousible 
for this character. When this character is met with, single plants (surviving 
greens) have to be selected and grown each separately. Those that do not throw 
white seedlings again, are pure for this 0^ factor and .may be multiplied. 


SUMMAUV. 

A simple segregation of mono-factorial type for green albino seedlings has 
been met with in Factor Cj is responsible for green seedlings, its 
absence resulting in albinos which do not live. 
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BY 
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Millet Specialist, 
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(Received for publication on 22nd Oc.toT:)er 1932 ) 

(Witli Plate XLI and one text-figure.) 

Introduction. 

The study of the Italian millet has been in progress at the Millet Breeding Station 
of the Agricultural Research Institute, Coimbatore, from 1926. Observations on the 
anthesis of the crop were commenced in the year 1927 and continued in 1928. 
Some special bits of study were made in 1931. Altogether six sets of observations, 
three in the cold weather and three in the hot weather were made, comprising 
the study of thirty individual plants, during over 115 days and nights. 

Anthesis is a very delicate process ; and the observations recorded in one 
place need not necessarily apply in entirety to another, so much so that the 
drift of all cumulative work in this direction is to assay all environmental and 
physiological factors regulating this sensitive process. 

Previous worh 

There is not much previous literature on this subject. Kniith [1909] makes a 
passing reference to this millet in his classical work on pollination. Woodhouse 
and Ghosh [1911] make some general observations only. A short summary of the 
work of Hoshino and others [1926] in Korea, in which the periods of anthesis are 
given, is found in Biological Ahsiracts. In the absence of detailed information 
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it was thought desirable to undertake intensive work on this vital aspect in 
the life of this crop. 

Material . — Typical plants from the following pure lines were chosen for 
observation : — 


Year 

Season 

Pure line No. 

No. of 
plants 
observed 

1927 

Hot 

S. I.*74 , 

2 



S. I. 77 

1 


Cold 

i S. 1.46 

4 

1928 

Hot 

S. I. 77 

2 ■■ 



S. 1. 284 

2 


Cold 

S. I. 46 

2 



1 S. I. 63 

2 

1031 

Hot 

S. T. 566 

2 



S. 1. 1259 

2 



S. I. 1717 

3 


Cold 

S. 1.310 

2 



S. I. 312 

2 



S. I. 1768 

2 



S. I. 2063 

2 


* S. l.—Setaria italica. 


Points skdied.—Uhe observations consisted of — 

(1) A record of the sequence of anthesis, and 

(2) Counts of the number of flowers opening at two hour intervals for the 

determination of 

(а) The duration of flowering during a full day of 24 hours. 

(б) Tlie periods of maximum and minimum flowering. 

(c) The number of days required to complete the flowering. 

(d) The day in which the maximum number of flowers open, and 
(c) The order of anthesis on the head. 

o/ o65(3rya^ion.~*~Detailed observations on individual flowers, mature 
and about to open, were made, after clipping off, for the sake of convenience, other 
spikelets surrounding them. 


STUDIES m s:etabu italic a, paet i 

The dehisced and shrivelled anthers with their slender filaments are easily 
blown oil by wind and leave the opened flowers often unrecognisable. To avoid this 
possibility of coiiiusion, opened flowers were then and there gently nipped off with 
a fine -pointed forceps. 

The emergence of the inflorescence. 

Unlike sorghum, the earhead of Italian millet is very long in proportion to 
its girth. This earhead shape dispenses with the well-marked ' boot ' of sorghum. 
The first sign of flow^ering is a shortening of the distances between the top leaves. 
The ^ flag the erect terminal leaf blade, then comes out. This erectness of the 
flag continues till the head emerges, after which the angle it makes witli the stalk 
of the earhead becomes a varietal characteristic. A week after the flag emerges, 
the earhead begins to push out of the opening at the top of the tubular flag-sheath. 
According to the variety, the head takes 10 to 20 days for complete emergence. 
There is a tendency to take a longer time in varieties with longer durations. The 
highest elongation occurs within the first five days. Often, the panicle begins to 
emerge even before the complete emergence, of the flag-sheath. The degree to 
which earheads are pushed out beyond the leaf-sheath varies in different varieties, 
the mass of heads being interspersed with leaf blades in variates with poor emer- 
gence. During emergence the earheads themselves remain fairly constant in 
length, the increase in length being confined to their stalks. 

The comparative rate of growth of single-stalked irrigated varieties, and 
tillering rain-fed ones, during tlie reproductive phase of their growth period was 
measured and shows that the period of rapid increase in height is (on an average) 
18 days in rain-fed varietes and 14 days in irrigated ones. The rate of growth 
was 2*3 cm. per day in the former and 3'6 cm. in the latter. 

Botany OF THE EARHEAD. 

Before proceedii^g to describe anthesis and its march on the earhead, a general 
description of the earhead, closely following Gammie [1911] is given below 

Earhead. 

Pam‘cZc.~-Terminal, nodding, 5-35 cm. long and 1-4 cm. thick, usually 
compact, sometimes loose, cylindrical, ends often tapering, borne on a thin peduncle 
2-25 cm. long. Made up of small rounded branches, the spikes, disposed in 3-6 
spiral whorls along the rachis. Each spike containing up to 60 spikelets, the floral 
units. Spikes sparse at lower end and densely aggregated at upper half. 

Greyish white, pilose, 
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Oil the branches^ glabroiis, elliptic ohovate, 1- 3 mm. 
loBg asd 1 mm. hioad, home on thin, very short pedicels, slightly swollen at the 
junctions. 

jBmfe— Each spiM^ 2 spikelets, surrounded at base by a niMber of bristles 
which are thin, stiff, slightly flexnose, , 3-16 mm. long, .slightly flattened and set 
with minute upward-pointing barb’s along the edges. Morphologically they 
represent barren floral branches' ’ 

'#^6^?w?5«cs.--Four varying in si^^^ 

Glume 7. —“I of the spikelet, often even smaller, 3-nerved, nerves. green. 

Glu me the spikelet, ohovate, membranous, 6 full nerves and 2 

partial ones on either side of the central nerve. 

6^i!wme 777.-~Eqiiar in length to the spikelet; ovate-elliptic, 6 Ml and 2 
partial nerves; membranous, paleate, sterile. Pdm small membranous. 

^ than Glume III. Faintly rugose, increasing after 

seed setting and becoming bony, faintly 3-nerved, paleate, fertile, and 
contaming one bi-sexiial flower. 

PaZm.-— Encidsed by Glume IV, membranous, edges incurved, two faint 
lateral nerves. ; 

Three borne on slender filaments. Anthers 2-lobed, | to 1 mm. long. 

Omry,—^ to I of spikelet, hyaline. 

Styles,— Two ; distinct, divergent, hyaline, arising from a little below the apex 
of the ovary. Ends feathery. Styles 1 to 1-| mm. Feathery portions | to I mm. 

io7M7e6\-~Two; obcuneate; truncate, irregularly elliptic in cross section, 
situated on' the side of the ovary nearest to Glume IV. 

Small,’ free, but tightly enclosed within the thickened glume and palea. 
Glume-side more convex than the palea-side which is rather flattened. 

Occasioml feHile third 

It is interesting to note that a race of the Italian millet has been met with at 
the Millet Breeding. Station, in which u p to 10 per cent: of the total spikelets hear 
a second grain inside the third gliime--a fact reminiscent of the present abortive 
condition of what was once fertile. 

, - . - . , . Flowebing. . • 

Pi^5fjZpwm5f,-~;The first flower to 0 ^^^^^ out for, when about 

three-fourths of the head has emerged ^ out of the sheath. This usually occurs a 
little below the apex of the head. Flowering proceeds from the top of the head 
downwards and similarly from the tip downwards in each of the panicle branche.<^ 
(HateXLI.) 
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Opening of the fiowef * — Owing to the r^pid Sswolling of the lodicules the glnxiie 
and palea enclosing the ovary gape out, sometimes as wide as 40^* The pace of 
gaping is slow to begin with and increases in rapidity in the later stages. The 
gaping is so wide as to leave only the basal fourths of the floral envelopes over- 
lapping- 

About 8 minutes after the opening of the flower, the tips of stigmatic branches 
and one anther begin to protrude through the slit between the incurved edges of 
the palea. The stigmatic branches are tbe first to emerge, but are quickly followed 
and overtaken by the first anther, usually the one close to the lodicules. The first 
anther takes about 10 minutes to complete its emergence. The filaments wllieh 
are about I mm. long prior to the opening of the flower now attain a length of 
2 mm. and hold the anthers erect and aloft. 

After the anther emerges it starts dehiscing by longitudinal slits from 
top to bottom, the process taking about 3 minutes. Prior to dehiscence there ii p. 
slight increase in the si^e of the anther and in the depth of its colour. This 
deliiscence liberates in clusters the pollen packed inside, which dusts th^ 
adjacent stigmas and parts of the surrounding spikelets. Emptied of pollen, the 
anther sacks flatten out, dry and turn brown. This proceess of emptying takes up to 
10 minutes, increasing or decreasing according as the weather is chill or warm. 

Five to ten minutes after the emergence of the first anther the other two are 
pushed out both at about the same time, and take their position one on each side 
of the first anther. Their growth and dehiscence are similar to those of the first 
anther, part of the pollen dusting the stigma of the same flower and the rest being 
broadcast. In the same flower the period during which the stigmatic feathers 
are open to be dusted with their own pollen is about 40 minutes, this period getting 
shortened with a quickening of all the other processes consequent on the adTauc# 
of the day and its heat. 

After pollination, the lodicules shrink and the glumes begin to close, after 
having been open for nearly an hour-and-a-halL The closing takes about half 
an hour. The rate of closing is rapid to begin with and slows down in the final 
stages. In the closed flower the stigmatic tips are clipped up, the feathers 
protruding beyond the glumes. 

Self«pollinatioiJ is thus the rule though extreme proximity to neighbouring 
flowers and the free nodding and oentact with neighhouring heads does pot preclude 
occasional cross-pollination. 

The details of the processes in the anthesis of an individual flower are given 
below both for the hot weather and for the cold weather. The largest flush of 
flowering being before midnight, 12-midnight has been tahen as the standard 
starting timet 


o 
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Details of anthesis in a single typical flowef o/Setaria italica in hot and cold weather. 

(Data, average from 82 flowers) 


Hot weather 
(May) 

Cold weather 
(December) 

12 midnight 

12 midnight 

12-9 a. m. 

12-18 a. m. 

12-8 „ 

12-n „ 

12-17 „ 

12-28. „ ■ , , 

12-9 „ 

12-15 „ 

12-18 „ 

12-33 „ 

12-18 „ 

12-33 „ 

12-20 „ 

12-37 „ , ' 

12-20 „ 

12-37 „ 

12-24 „ 

12-45 „ 

12-15 „ 

12-27; 

12-21 „ ^ 

12-42 ,, 

12-21 „ 

12-42 „ 

12-23 „ 

12-46 „ 

12-23 „ 

12-46 „ 

12-27 „ 

12-54 

12-17 „ 

12-30 „ 

^ 12-23 „ 

12-45 „ 

12-23 „ 

12-45 „ 

) 12-25 „ 

12-49 „ 

12-25 „ 

12-49 „ 

5 12-29 „ 

12-57 

12-40 „ 

1-0 „ 

e 1-0 „ 

2-0 „ 


Opening of the flower 
Emergence of the stigma. 
Emergence of first anther 


Dehiscence 


>» >» 


Shrivelling „ „ 

Emergence of second antlior 
Dehiscence „ „ 

Shrivelling „ „ 

Emergence of third anther 
Dehiscence „ ,, 

Shrivelling „ „ 

Closing of the flower 


Begins 

Complete 

Begins 

Complete 
r Begins 

t Complete 
( Begins 

( Complete 
r Begins 

i Complete 
r Begins? 

V Complete 
^ Begins 

( Complete 
^ Begins 

( Complete 
r BeghiS 

( Complei 
r Begins 

( Complete 


' Begins 
I, Complete 


From the above representation the trend of the sequence of events is unmistak- 
able. It will be seen that in the cold weather flowers may keep open for a period 
roughly twice that in the bot weather. This is brought about by a sliglit length- 
ening in the time taken over every item of the anthesis, there being a marked rise 
in the time taken for the glumes to close* 

Within a day the extent of remainiiig open naturally varies within wide limits, 
it being longer in the cool late hours of the night and shorter after sunrise. 
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Period of jlowering. , 

The time taken for an earhead to complete its flowering, will vary with its sim 
— ^the bigger the longer — ^but from 10 to 15 days may be taken as the range. The 
average nnmber of flowers that open per day, both in the cold weather (rain-fed) 
and in the hot weather (irrigated) based on readings from 14 earheads in oach of the 
seasons is given below, and points to the rate of opening, showing a good rise and a 
gradual decline during the period, the rise and fall being a bit sharper in the hot 
weather. 


Number or flowers opening per day* 
(Average of 14 heads) 


Bay 

Hot weather 
(irrigated) 

Cold weather 
(rain-fed) 

1st 

49 

26 

2iid 

320 

143 

3rd 

47S 

232 

4th 

613 

278 

Bfch 

471 

287 

6th 

329 

262 

7th 

234 

218 

8th 

180 

146 

9th 

166 

110 

10th 

132 

68 

11th 

83 

46 

12th 

27 

26 

13th 

7 

12 

14th 

' ■ ■ -2 ■■ 

7 - ■' 

16th 

1 

2 


Range of daily Jlowering^ 

The most interesting feature in the anthesis of this millet is in the periodicity 
of its flowering during a whole day, including the night. The following table gives 
the distribution of flowering at two hour intervab during a whole day, in the hot 
weather and in the cold weather. . . . 

■ ■ . Qi 
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Distribution of flowering dunng a day. 

(Average of 14 lieads) 


Time of the day 

Hot WlATHBB 

Gold wbathee 

Average 

temperature 

Ho, of flowers 
opening 

Average 

temperature 

Ko. of flowers 
opening 

12-2 p.i3a. • 





98 

3 

81 

• • 

2-4 „ . 

' • 



« ' 

96 

3 

81 


4-6 „ • 

» 



% 

91 

6 

78 


6-8 „ . 


* 


• 

86 

38 

71 

' ''"i ■' 

8-10 „ . 





83 

309 

68 

134 

10-12 midEiglit 





81 

751 

66 

580 

12-2 a.m. . 





79 

365 

65 

348 

2-4 „ . 





77 

279 

64 

178 

4-6 „ 



• 


76 1 

364 

63 

182 

6-8 „ . 

• 




82 1 

672 1 

66 

290 

8-10 „ . 

« 


« . 

• 

88 

168 ' 

74 

159 

10-12 noon 




* 

94 

23 

79 

4 


It wiU be noticed from the above table that whereas stray flowering might 
occur between 10 a.m. and 8 p.m. the main period is between 8 p.m. and 10 a.m. 
There are two maxima of flowering during this period, one between 10 p.m. and 
12 midnight and the other between 6 a.m. and 8 a.m. The second flush in the hot 
weather approaches the first, while in the cold weather it is only half its intensity. 
This difference is very likely due to the fact that after the cold of the early hours 
of the morning in the hot weather there is a sharper rise in temperature between 
6 a.m. and 8 a.m. than in the cold weather. 




Antsesis, hthtoity and temfeuatuee. 


The typical anthesis in one earhead along with the corresponding humidity 
and tempi^tuie records, are charted out in the graph (Fig. 1). This shows 
that flowering dpea npt 0 ?cur ip. that part of the day when temperature is high and 

the period of low temperature and high 
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AnTHESIS INDEPENDEHT OP VABIETAL CHARACTERS. 

The bristles give a foxtail look to are its promment feature. 

To determine whether these inevitable appendages had any differential influence 
according to the degree of their manifestatiom observations w'ere made in the 
cold weather of 1931 on two sister families S. I. 310 and S. I. 312, one with long 
bristles and the other with short -bristles. The results showed that neither in the 
time taken for the head to complete flowering nor in the rate at which this was 
accomplished, nor in the two hourly counts made day and night, had the bristles 
exerted any influence. 

The bristles are morphologically modified floral branches. Certain races are 
met with in which stray spikelets are home at the tips of some of these bristles* 
Earheads with these extra spikelets are jagged in outline and look fuller. 

they have a larger number of flowers. This radical difference between 
normal and extra-spikeletted heads led to extending the floral observations to 
this type of earhead also. Both the types of earheads were observed and no devi- 
ations from the usual routiiie of floral behaviour were noticeable in all the details 
of aiithesis. 

Similar ohseivations on paired earheads were made on white and brownish 
orange-anthered plants as also on buff and red-grained varieties. None of these 
showed anj^ differences from the normal behaviour. It will thus be seen that 
varietal differences exert no noticeable effect on the general run of floral conduct in 
this millet. 

Summary. 

The anthesis in .Se/mV// Kca has been studied. An earhead may take 10-15 
days to complete its flowering, depending upon the size. The flowers open through 
the period 8 p.m. to 10 a.m., though in summer stray flowers may open between 
10 a.m. and 8 p.m. There is a lull in the hot part of the day corresponding to rise 
in temperature and a fall in humidity. With the increase in humidity and the 
fall in temperature flowering commences and becomes intense towards midnight after 
which there is a slow fall and a second flush soon after sunrise. The floral arrange- 
ment favours self-pollination. Stray crossing might occur. Bristle varktions, 
spikelet-tipped bristles, anther and grain colour differences, do not affect the 
general tenor of anthesis. 
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tflie t>i,sis for Sclerospora sorgM as a species. W. H. Weston, Jr., and B. N. TJppal. 
PhyiopatJiologg 57B‘‘’58&, 1932. 

The history of the fungus causing the downy mildew of sorghum, which was first recognised 
hy Kulharni in 1913 as alrariety, Andropoffonis sorghh of Sclerospora gramintcolm is reviewed. 

Sigaifieant structural details of the conidial phase of this fungus on sorghum are compared 
with those of typical ScL grammic da on Pennisetiim^'o,^ Setctria. The fungus on soighum differs 
distinctively in its ahsolute lack of a dehiscence, papilla in the apical wall of the conidia and their con- 
sequent germination by hyphsB, and in the definite bas.il cell, extensive branch system, and conse- 
quent arrangement of the conidia in a hemispherical plane on the longer sterigmata of the coni- 
diophores. On these features the fungus is separated from. /Scf. graminicola the specific rank m BcL 
(Kulk.) Weston and Uppal. 

The oogonial phase resembles that of Bel. graminicola in general characteristics^ but cross -inocula- 
tion experiments, using oospore mafcerial as inoculum, show that ScL sorgM will not inoculate 
Setaria and Pennisetum, nor will BoL graminicola from Pennisetum or Setaria inoculate sorghum, 
in spite of successful inoculations from each of these hosts to such remotely related Graminese as 
PmMdem fnexicana. The results of these inoculations which offer corroborative evidence for 
recognizing the fungus as a distinct species, are described and tabulated, (B. N. U.) 

fwo new hosts of the downy mildew of sorghum in Bombay. B. N. Uppal and 
M. K. Desai. Phytopathology k2, 587-694, 1932. 

The results (which are discussed and tabulated) of the writers’ investigations at Poona show 
that the downy mildew of maize- which is found occurring naturally on this host in the Bombay 
Presidency, is caused by Bclerospor a graminicola var, Andropogonis sorghL In the conidial stage 
it is not possible to distinguish between the miIdews,on sorghum and maize. The sexual stage is 
prominent on sorghum, resulting in the characteristic shredding of leaves, but it is completely 
suppressed in maize. 

Maize and teosinte were infected with the oospores of /S'c/. var. Andropogonis 

under controlled conditions. 

A comparative morphological study of the conidial phase of the mildew as it occurs naturally 
on maize and sorghum in Bombay was made. In general appearance the conidiophores are alike, 
and each is provided with a basal cell. The bicmetrioal measurements of the conidia of the 
mildews on maize Sind sorghum have shown that the differences in length and width, of conidia are 
not statistically significant, thus indicating that the two fungi are identical. (B. N. XT,). 


A study of the oil from the uiger seed {Guimtia aUssinka). D. L. Sahaseabbdbhe 
and N. P. Kale. J ournal of the University of Bombay 1* Part II. 

This study was undertaken in order to determine the chemical nature of the oil and to get an 
idea of the various uses to which the oil can he put. The oil gives the following constants : — • 
Sp.gr. 0.9157 at 28*6^C. Kefractive index at 40^0. (H^) P4662. 

M. pt.-7*5 to 8‘5^C. Pree acidity 8*8 to 4 mgms. KOH per gram of o iL 

Acetyl value (Lewkowitch and Andre) Baponification value 194’"6. 

241. 

, , 872 
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Eicliert-Meissl number 0’ 85 Iodine value 1264 per cent. (Wij's mefcbod). 

Insoluble fatty acids 94*3 per cent. Bromine absorption 79*8 per cent. (Wij*s metbod). 

The insoluble fatty acids give the following composition :■ — 

"31*06 per cent, oleic. 


85*4 per cent, unsatuTated acids made up of 


14*6 per cent, saturated acid 


54*34 per cent, linolic. 

'0*35 per cent, lauric and myristic. 


lOOOO 


841 

palmitic. 

1 

ii 1 

4*89 „ 

steaile. 


ll 

L048 „ 

arachidic and ligneeerio. 


i! 

i t 

ICOOO 


: 

1 


On bromination tbe oil gives 3 to 4 per cent, of a tri-linolein-brotnide melting at 76*5°C. and 
20 to 25 per cent, of di-lino'olein-bromide meiting at 54 to 56°C. 

Completely satuiated glyceride is not pj^sent in the oil. 

The raw oil when kept for some time becomes rancid, due to hydrolysis. It also thickens 
indicating polymerisation. Peroxide bodies giving the starch iodide reaction are formed to a 
small extent* This polymerisation seems to be due to enssymic action which is stopped in the 
absence of air. If the oil is heated to llO^C, to 126^0. and is kept out of contact with air it 
remains unchanged for a long time. 

It takes up sulphur chloride at ordinary temperatures so energetically that the reactingmass 
has to he cooled to avoid charring. The product of reaction is a white, elastic rubher-like substance. 

The oil on hydrogenation gives a white solid fat. The hydrogenation proceeds normally, no 
iso-oleic acid being formed. (1). L. S.) 
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. The Methods of Statistics. By L. H. C. Tippett. ' (London : Williams and 
Norgate Ltd., 1932). 15s.net. 

This book will be welcoined by most biologists who have to deal with observa- 
tional data and to test their mathematical reliability. In recent years there have 
appeared numerous books on this science, but they deal with methods and concepts 
formulated by the author himself and hence they present the subject in a mote 
restricted sense. The present author has, however, dealt with the subject in a 
general manner and has attempted to present a single system of statistics so that 
the reader may obtain a good working knowledge and understanding of the different 
methods available. After dealing with frequency distribution, the author has 
explained ill a very lucid manner -‘the theory of probability and its bearing on 
statistical science. He has then dealt with the theory of ‘ Eandom Sampling ' with 
which is associated the probable and standard errors, all of which the reader needs 
to understand before he can follow the suhsequcnt chapters on ‘ Goodness of Fit/ 
the ‘ Analysis of Variance ' and ‘ Correlation'. The chapter on ‘Goodness of Fit' and 
contingency tables explains clearly the function and properties of Pearson's 
with various degrees of freedom. The methods so far mentioned are limited to 
large .samples, but it is not always possible for biologists to obtain such samples 
and especially in agricultural experiments, it is constantly found necessary to 
interpret results obtained from small samples. The author has, therefore, described 
methods by which the data from small samples can also be statistically interpreted. 

The chapter on ‘ Analysis of Variance ' explains in simple terms the methods 
employed for the analysis and the computation of variances from grouped data. 
The underlying theme of this and later chapters is Fisher’s idea of the analysis of 
variance. The additive nature of those variances which are subject to the 
operation of several independent causes and their non-additive nature in cases 
where the observations are not independent and an association between the variates, 
has been treated in clear and simple language and made easy to understand by 
means of examples. After dealing with the variance in which one of the variates 
is qualitative and is associated with a quantitative variate, the reader is introduced 
to associations in which both the variates are quantitative, when they are known 
as correlations. The procedure adopted in presenting correlation as a special case 
of variance is unique and brings out the unity of idea more clearly than by any 
other method of presentation. The author has taken pains to explain the relation 
that exists between correlation and regression co-eflB.cients and, with the help of 
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tables and diagrams, the frequency surfaces for different values of correlation 
co-efiS-cients have been illustrated so as to enable the reader to understand their 
distribution. The sampling distribution of the correlation co-efficients forms the 
subject matter of next chapter. The methods for dealing with the distribution of 
correlation co-efficients on account of the errors of random sampling and tests of its 
significance are explained here. While dealing with correlation co-ejBhcients, the 
author has also explained the regression line and regression co-efficient, but the 
non-linear regression has been presented in a separate chapter, as in such cases 
the correlation co-efficient is not a reliable measure of association but another 
constant, the correlation ratio, has to be used. This is calculated from array means 
in large samples and from fitted curves in small ones. As a side issue of non- 
linear regression, intra-class correlations and correlation of ranks is dealt with in 
this chapter. Multiple and partial correlations and regression are dealt in a separate 
chapter with which the book ends. 

The most important chapter from the point of view of an agriculturist is the 
one dealing with * Principles of Experimental Arrangement’. After showing how the 
heterogeneity of variability has an important effect on the theory of errors, the 
principles involved in the experimental arrangement of plots are explained. In 
dealing with the arrangement of plot for field trials in agricultural experiments 
the various methods such as Chessboard ”, Latin Square ”, etc., are discussed 
and the statistical principles involved in each are explained and finally the author 
emphasises the importance of technical considerations, such as the effect of weather, 
provision of borders, etc. 

The book at first gives the impression that the grasping of its subject-matter 
calls for a good knowledge of higher mathematics as it is full of mathematical 
formulas and equations. Actually even those who have to omit the mathematics 
entirely should be able to arrive at an appreciation of the arguments, for the 
statistical principles involved have been made clear and easy to understand by the 
worked examples. 

The booh is a valuable addition to the existing literature on the subject and 
should prove of great help to biologists and statisticians alike. 

The whole subject has been presented in a delightful style and well illustrated 
with tables and figures for which the author deserves congratulation. (M. A.) 
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In 1925 tlie late Sir Ganga Earn, Kt.j OJ.B,, M.V,0., E.B., Laliore, with that 
generosity for which he was so weE known, handed over to the Punjab Govern- 
ment a sum of Es. 25,000 for the endowment of a prize of the value of Es. 3,000 
to be called the Maynard-Ganga Earn Prize and to be awarded every three years, 
for a discovery, or an invention, or a new practical method which will tend to 
increase agricultural production in the Punjab on a paying basis. The competition 
is open to all throughout the world. Government servants are also eligible to 
compete for it. 

Applications for the next award were invited by the 31st December, 1932. 
The response was, however, poor and it has been decided by the Managing Com- 
mittee of the above-mentioned prize that the award should be postponed for 
another year and that further applications should reach the Director of Agriculture, 
Punjab, Lahore, on or before the 31st December, 1933. 

^ 

Applications are invited for The Maynard-Ganga Earn Prize of the value 
Es. 3,000 which will be awarded for a discovery, or an invention, or a new prac- 
tical method tending to increase agricultural production in the Punjab on a 
paying basis. The prize is open to all, irrespective of caste, creed or nationality 
and Government servants are also eligible for it. Essays and theses are not 
eligible for competition and applicants should prove that some part of their dis- 
covery, invention, etc., is the result of work done after the prize was founded in 
1926. The Managing Committee reserves to itself the right of withholding or 
postponing the prize, if no satisfactory achievement is reported to it. All applica- 
tions in competition for the next award should reach the Director of Agriculture, 
Punjab, Lahore, on or before the 31st December, 1933. 
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I. Introduction. 

In improvement of crops by genetical methods the time ultimately arrives when 
hybridization is resorted to. A close familiarity with the inflorescence, mode of 
flowering and various phases of anthesis is useful to develop technique of crossing 
and to increase chances of success. 

The blooming in rice has been observed by many workers in various climes/ 
From these observations two facts stand out conspicuously, namely, that the 
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varietal and climatie variations largely influence blooming and associated phases in 
rice. These two factor it necessary to study blooming process and allied 
phases wherever rice improvement is in progress. 

Observations were accordingly made on blooming and anthesis in the Kolamba 
strains during the season of 1931, at the Rice Breeding Station, Karj at, District 
Eolaha, Bombay Presidency, The data obtained during the season forms the 
subject of this paper. 

II. Previous observations. 

Ramiah [1927], working at Coimbatore, observed that cultivated rice usually 
blooms between 9 a.m, and 12 noon and the maximum blooming is at 10 a.m. He 
also found that the varieties began to bloom as the temperature reached 77°]?. or 
above and that during the six-day period the hour of blooming varied from 10-30 
a.m, to 12-20 p.m., depending upon the time of day when temperature reached the 
77°F. mark or above. 

The observations of Eao [1926], in the Tanjore district, indicate that rice 
blooms from 5-30 a.m, to 4-10 p.m., but most of the blooming occurs between 9-46 
and 10-30 a.m.* The temperature ranged between 79° to 88°F. when the florets 
opened. The spikelets required from 1| to 3 minutes to open and the closing range 
was from twenty-seven to fifty-four minutes. Rao abo Gbserved that anthers 
dehisce just before or at the moment the flower begins to open* 

Bhide [1925], working previously at Karjat, mentions that the flow^ers in the 
Kolamba rice begin to open at 10 a.m. and continue until 12 noon. He opines that 
the most active period is from 10-30 to 11 a.m. The early varieties begin to open 
as the temperature reaches 79° to 84°F., whereas the late ones commence flowering 
between 85° and 90°F. 

Bhide and Bhalerao [1927] state that florets take seven to eight minutes to 
open completely and remain so far about fourty-five to fifty minutes and then 
close up within about five minutes or so 'h The entire period from opening to 
closing requires from fifty-five to sixty minutes. 

Hector [ 1913 ], working in Lower Bengal, reports that in early rice varieties 
flowering begins between 7 and 8 a.m,, whereas late ripening varieties begin to open 
at 10 a.m. and continue until 12 noon. He also observed that the florets remain 
open thirty minutes in early varieties which bloom during the warmer and moist 
months of May and June, whereas in late varieties the duration is twice as long due 
to colder and drier climatic conditions obtaining during the months of October and 
November, Hector also observed that as a rule dehiscence of anthers and pollina- 
tion take place simultaneously 
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TIiompstone [ 1916 ], in Upper Burma, reports tliat blooming usually takes 
|)iace between 7 and 10 a.m., and is most active between 8 and 9 a.m. He found I 

dewy mornings to be favourable and as the dew begins to disappear tbe flowers I 

open rapidly, but as the day begins to get bright, warm and dry, the flowers cease I 

opening and those already opened close again. This observer also states that the 
anthers burst as the flower opens. 

Torres [ 1923 ] and Eodrigo [ 1925], observed that the blooming commences 
between 9 and 11-30 am. in the Philippine Islands. The latter reports that the 
flowers occasionally opened between 6 and9 a.m., and between 11-30 a.m. and 
12-30 p.m. On an average the flowers remained open from forty -five to sixty 
minutes, and a panicle required from five to ten days to finish blooming. Eodrigo 
states that in the majority of cases dehiscence and pollination occurred simultane- 
ously as the flower opened. . 

Laude and Stansel [ 1927 ], from Texas,. U. S. A., mention that the blooming in 
rice continues from 8 a.m, to 4 p.m., the peak occurring from 11 a.m, to 12 noon. 

The majority of the panicles finished flowering in six or seven days and most of the 
flowers bloomed on the second and third day after the commencement of blooming. 

The American observers also report that pollination takes place just before or 
at the time the spikelet begins to open. 

ni. Material anb methobs. 

Observacions on various phases of blooming in rice were made during the 
season of 1931 at the Eice Breeding Station, Karjat, District Kolaba. The mate- 
rial consisted of five established strains, obtained by pure-line selection from the 
Kolamba variety of rice. 

All the strains were sown in the beginning of the monsoon on June 13th, 1931, 
and transplanted in the fields during the second week of July, 1931. Each hill, 
eight inches apart, received only one seedling in rows spaced one and a half foot. The 
early strains, K79 and K184, were grown side by side on a high-level plot. The 
mid-late K153 was on a plot of medium level and the two late strains were trans- 
planted side by side on a low-level plot. From each strain twenty main panicles 
were taken for observation. Eccords on the opening of flowers were taken at inter- 
vals of one hour, from 7 a.m. to 5 p.m. Temperature figures were obtained from a 
thermograph.**' To preclude recounting an opened floret all the spikelets that had 
bloomed during the previous hour were clipped ofl. 

The order of blooming in the rice plant was determined by observing blooming 
in main (first) panicles of each strain. At the same time as many individual 

♦Temperature data kindly supplied Tby Mr. S. K. Sannabadati, B. Ag., at nbe Bice Eesearch Station, 

Karjat, 
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florets as was possible were watched for (1) time required to open, ^2) time taken to 
remain, com/pletdy open, and (3) time required to close completely. 

IV. Observations and results. 

1. Inflorescence of rice. 

The inflorescence of rice is a branched terminal panicle of perfect flowers. The 
branches are composed of groups of three or more spikelets. The flower consists of 
an ovary with a forked feathery stigma and six stamens enclosed by lemma and 
palea. At the base of the ovary there are two fleshy lodicules. Outside the lemma 
and palea are two .short outer or “ empty ” glumes.* 

2. Panide emergence.. 

The rice panicle emerges four or five days after the flag is completely out. The 
emergence takes place either during day or night. The day on which the panicle 
tip is observed to emerge is reckoned as the flowering day. On the. second and 
third day most of the panicle is out and completely on the fourth day. 

8. Itice ‘panide. 

The primary and the secondary branches of the rice panicle are arranged 
alternately along the main axis. In some strains, notably K184, K153 and K226 
the secondary branches are also branched. The number of sub-branches on a 
primary branch varies according to the strain, and whether the earhead is from the 
main or secondary culms. As a rule, the main panicle is larger in every respect 
than the other earheads of the same plant. The branches on the mafTi panicle vary 
from nine to twelve and sometimes more. 

The number of secondary branches on a primary branch also varies. The 
primary branches in the middle of the panicle are longer and generally possess a 
larger number, usually seven to eight, of secondary branches. In one case a 
primary branch had nine secondary branches. Generally, the basal primary branch 
has the fewest — three to fotir — sub-branches. 

i. Order of blooming in the rice panicle. 

The rice panicle usually commences to bloom on the morning of the following 
day after emergence. The flowering proceeds from top downwards. As an example 
a case of a typical panicle from K79 may be cited. The panicle emerged on the 
7th September, 1931. The next day it commenced blooming with the first three 
primary branches. The first (terminal) branch finished blooming on the 9th 

*In some rice Tarieties the outer glumes are as long or nearly so as the inner glumes. 
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September. On the same day as many as nine branches were still flowering and 
all the twelve on the 10th. The second, third and the fourth branches complet- 
ed blooming on the 10th, the fifth and the ninth on the 11th and the rest on the 
12th September, 1931. 

5. Arrangement md order of blooming of spiMets. 

Tl^ arrangement of the spibelets on sub-branches is also alternate. Indeed, 
the florets are so arranged that they follow a fairly regular course in blooming’ 
Each group of spikeiets behaves as a unit as far as flowering is concerned and is 
independent of any other in the same primary branch. 

In the table below data are presented on the order of blooming in a panicle. 

It will be noted that the terminal floret is first to bloom in moat cases. Out of the 

sixty-one sub-branches, fifty-eight had their terminal floret bloom first. In only 

three branches the lowermost floret opened first. In the majority of the cases the 
last or the basal floret blooms second; not infrequently, however, other florets 
follow the first flower in opening. 

Table L 


Order of blooming of spikeiets in a rice panicle. 


Branch 

Floret 

Branch 

Floret 

Primary 

Secondary 

Fix’st to 
open 

Second to 
open 

Primary 

Secondary 

O 

(D 

Second to 
open 

I 

1st* 

Basal 

Terminal 

III 

1st 

Terminal 

Basal 


2nd 

Terminal 

2nd 


2nd 

99 

♦» 


3rd 

» 

Basal 


Srd 

99 



4th 

>9 ' 

9 9 


4th 

99 

99 ' 






5t]) 

99 

99 

11 

Isfe 

Basal 

4th 






2nd 

Terminal 

Basal 

IV 

1st 

99 

99 


3rd 

99 

>9 


2nd 


2nd 


4th 

!>9 

99 ■ 


3rd 

>9 

** 


5th 

99 

99 


4th 

99 ■ 

\ ,, 






6th 

' 99 

Basal 






6th 

99 
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Table I— cowfe^. 


Order of blooming of spilcelets in a rice panide — eoiitd. 


Branch 

Floret 

Branch 

Floret 

Primary 

Secondary 

First to 
open 

Second to 
open 

Primary 

Secondary 

First to 
opon 

Second to 
open 

V' ■ ■ 

1st 

Terminal 

Basal 

VIII 

1st 

Terminal 

Basal ' 


2nd 

»* 



2nd 

>> 

99 


3rd 


2nd 


3rd 

99 

99 


4th 


Basal 


4th 

99 

3rd 


5th 


2nd 


5th 

9* 

Basal 


6th 


99 






7th 


Basal 









IX 

1st 


99 






2nd 

99 

99 






3rd 


99 

VI 

1st 




4th 

99 

99 


2nd 


»» 






3rd 



X 

1st 

99 

99 


4th 


2nd 


2nd 

99 

99 


5th 

r» 

Basal 


3rd 

99 

99 


6fch 


99 


4th 

99 

99 


7tli 

Bitrsal 

Terminal 


5th 

»♦ 






XI 

1st 

99 

99 

VII 

Ist 

Terminal 

5th 


2nd 

99 

99 


2nd 


Basal 


3rd 

99 



3rd 


99 


4th 

> » 

2i’id 


4th 


99 






6th 

' 


XII 

1st 

99 

4th 


6th 


»» 


2nd 


Basal 






3rcl 

99 

9> 


*TIie termiaal group of spikolets of a primary brancli is designated as the 1st secondary branch. 


After the termiftal and the basal flowers have bloomed, the spikelets in a sub- 
branch flower alternately from below upwards in the majority of cases. The order 
is reversed in a considerable number. In a few cases, after the first and the Iasi 
flowers have bloomed, flowering may be irregular. 

A few cases of cleistogamic spikelets were observed. 

6/Daily hhoming in a rice panicle. 

Observations on daily blooming throughout the entire flow^ering period were 
made on single panicles of each strain. 

In the table below data are recorded on blooming of a main panicle from the 
Early Strain K79. The panicle commenced flowering on the morning of 8th Septem- 
ber 1931. Fo flowers were observed to bloom before 10 a.m. and after 2 p.m. The 
modal flowering was between 11 a.m. arid 12 noon. The maximum flowering occur- 
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red oa the third day after the commencemeat, the paaicle completed Mooiaing in 
•five, days. ; 

■ Table 11. 


Hourly bloom count on a main panicle of the early Kolamba strain K79, 


Date 

Hour 

Total 

florets 

Percentago 

7-8 

a.m. 

8-9 

a,m. 

9-10 

a.m. 

1041 

a.m. 

11 a.m.- 
} 2 noon 

12 noon- 
1 p.m. 

1-2 

p.m. 

Sfch Sopt. 31 

•* 

. • . 

; ' •* 

6 

10 

•V 


16 

0*42 

9fch „ 31 

...... 

•• 


6 

52 

4 

•• 

,62 

24-90 

10 th „ 31 


•• 


19 

i 


•• 

95 

38*15 

11th „ 31 

- 

.. 

- 

1 

39 

' 2 I 

1 

43 

. 17-27 ' 

12th „ 31 

.. 

•• 

*• 

•• 

29 

4 


33 

13-25 

Total florets 

•• 


•• 

32 

B 

10 

1 

249 


Percentage 

•• 

•• 

•• 

12*85 

82*73 

4-02 

0*40 




7, Daily hlocrmimj in strain ^fulations. 

As stated above twenty panicles of each strain "were taken collectively to 
observe the range and the amount of blooming at various hours. As an illustration, 
only the data on K42 are given in Table III. 

In the early strains, K79 and Kl 84, no appreciable differences w^ere noted. 
Both strains show the maximum flush— about 50 per cent. — between 11 a.m, and. 12 
noon. In K79 nearly 28 per cent, of the bloonaing occurs after 12 noon, whereas in 
K184 nearly 23 per cent, of the flowers open 6^ore the hour of maximum flush. 

Unlike other strains, Kl53 showed a longer range of maximum flush, about 88 
per cent* of the blooming occurring between 10 a.m, and 12 noon* 
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The late strains showed conspicnons difierences in their amount of blooming at 
^ various hours. It will be seen from the table below that K42 starts blooming vigor- 

ously from 9 a.m. onwards, the peak being reached between 10 and 11 a.m. It also 
show's considerable blooming before and after the hour of maximum flush. 

: The blooming in K226 was concentrated betw^een 10 a.m, and 12 noon. During 

this period nearly 87 per cent, of the flow^ers opened, nearly 66 per cent, of the bloom- 
ing was concentrated between 11 a.m. and 12 noon. 

' During the hours of maximum flush in the various strains temperature ranged 

i from82‘^to93°F. 


Table III. 

Hourly bloom counts on iwmity main panicles of the late Kolamba strain K42, 






ioro Alirra mm 6QS 

8. I)ufatim of tM hhcming period. 

The ohservations on bloommg show that it reqaires from six to eight days for 
a strain popnlation to finish blooming. Among the early strains, K79 and K.184, 
a few plants begin to ftower three or fonr days before the day of modal flowering, 
the number gradually increases and on the fourth and the fifth days most of the 
panicles are in bloom. Due to low temperatures obtaining during the month of 
September the blooming period is lengthened in the early strains. Among the 
mid-late and the late strains most of the.florets open on the third, fourth and tie 
fifth days, the largest number blooming on the fourth day. 

The counts on single earheads shov; that a panicle requires from four . to five 
days to complete blooming. ^ ^ ^ ^ ^ ^ ^ h 


9. Anthesk in Koland)a rice. 

Before anthesis, the enclosed anthers can be seen at the middle through the 
semi -transparent spikelet. Just before opening they appear to be pushed upi inside 
the glume due to extension of the filaments. The pressure exerted by the anthers 
is evidenced by the gradual separation of the glume apices. The two sp elling 
lodfeules are also exerting pressure at the base of the lemma and palea. 

At first, the glume apices begin to separate slowly and as the opening reaches 
one-third or one-half down the length, of the spikelet the glumes are violently 
forced apart and distended at. an angle of about 30 degrees. In many instances, 
particularly when the day is bright, anthesis is accompanied by a tiny sound. 
Simultaneous with the opening of the floret the anthers shed pollen partly or 
wholly as a result of the shock. Occasionally, however, a stray one remains tucked 
away in the lenama but soon it also comes ont. In a few seconds the anthers 
assume a pendent position and whatever pollen is still adhering is blown away by 
wind. Devoid of pollen, the anther sacks appear whitish and turn brownish when 
:,dry.',',„ 

Soon after the floret opens the bifurcated plumose stigma is seen protruding 
between the flowering glumes. 

The glumes remain in the fully distended position for a few minutes after open- 
ing. The commencement of closing is marked by an apparent change in the position 
of the distended glumes. At this moment the glumes appear more or less to face 
eadi other. This change is taken to be the indication of the beginning of the 
closing act. The flower begins to close very slowly. 



Thus there are three distinct steps in anthesis of a rice flower, (1) time required to open, (2) time during which a 
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it w ill be seen from tbe table above that all tbe tlree phases of anthesis are 
considerably inflneneecl by climatic conditions. The various processes are hastened 
in bright weather, whereas a cloudy or a rainy weather considerably retards 
them. The rice flow’-er requires from 5 to 10 minntes to open, depending on the 
atmospheric conditions. After opening, it may remain fnlly open from 5 to 12 
minntes in a bright weather. In a cloudy or a rainy condition it may stay open 
as long as half an hour. 

The rice flower takes longest time to close. In bright weather it may take 
from 32 to 46 minntes on an average. In a cloudy atmosphere it may require from 
40 to 60 minutes, whereas in rainy weather the closing activity may he so delayed 
as to require over an hour. 

V. Discussion* 

The ohservations on the blooming of rice show that the upper branches begin 
to bloom first and as the panicle emerges, blooming goes on from top downwards. 
This agrees with the observations of Rodrigo [1925], Bhide and Bhalerao [1927] 
and Thadani and Dutt [1928], The latter, however, mention that in some cases 
blooming commences in the middle of the panicle and continues in both upward 
and downward directions. 

Under Karjat conditions flowers of the Kolamba rice may begin to open as 
early as 7-30 a.m., but such cases are few. From 9 a.m. onwards blooming 
increases rapidly, the most active period being from 10 a.m. to 12 noon. After 
this, blooming decreases rapidly and almost ceases after 2 p.m. 

Only once during the twenty-four hours the rice plant reaches a maximum 
activity in blooming. This appears to he the experience of most of the ohservers* 
Bhide and Bhalerao [1927], however, mention that late in October when the days 
are warmer, flowering is in certain weaves during the course of a single day. That 
is, blooming is revived once or more than once late in the afternoon. The authors 
do not preBent any data in support of their contention. From our experience we 
may say that such is not the case in Kolamba rice. 

The Kolamba strains display differences in blooming. The early strains K79 
and K184 show maximum blooming between 11 a.m. and 12 noon hut over 
28 per cent, blooming occurs after the modal hour in K79 whereas in K184 nearly 
equivalent flowering takes place before 11a.m. The mid-late strain Kl53 shows 
the longest modal range, from 9 to 11 a.m., than any other strain while the 
late strains K42 and K226 show maximum flushes from 10 to 11a.m. and from 
11 a.m. to 12 noon respectively. 

These discrepancies are a clear indication of the genetic variability existing 
among the strains of the Kolamba rice. Indeed, varietal differences are more pro- 
nounced as has been recorded by Ramiah [1927] and Thadani and Dntt [1928]. 
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VI. Summary. 

1. TKe observations on blooming and antliesis comprised of tbe two early 
strains K79 and K184, the mid-late K153 and the late strains K42 and K226 
obtained by pure line selection from the Kolamba paddy, extensively grown in the 
North Konkan and the principal variety under improvement at the Eice Breeding 
station, Karjat District Kolaba. 

2. The flowering in a panicle commences on the second day after emergence 
and proceeds from the top downwards. 

3. The spikelets bloom in a regular sequence. Generally the terminal spikeiet 
blooms first, followed by the second. After this, flowering goes on from below 
upwards. 

4. The blooming in individual panicles is vigorous from 9 a.m. onwards and 
iipto 12 noon. After 12 noon there is a rapid fall and hardly any flowers open 
after 2 p.m. 

5. The Kolamba strains show differences in the magnitude of blooming at 
different hours. 

6. A panicle completes blooming from 6 to 6 days. A strain population re- 
quires from 6 to 8 days to finish blooming. 

7. The rice flower passes through three phases in anthesis, (1) time required to 
open, (2) time taken to lemain comphiehj open and (3) time required to close. 

8. Atmospheric conditions greatly influence anthesis in rice. Bright weather 
hastens the process, whereas damp and cloudy conditions check the movements. 
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II*. PURPLE PIGMENTATION ON LBAE-SHEATH AND GLUME. 
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Millets SpedaMst, 

C. VIJIARAGHAVAN, L.Ag., 

V. GOMATHINAYAGAM PILLAI, B.Sc. (Ag.), 

AND 
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Assistants to the Millets Specialist, Agricultural Research Institute, Goimhatore. 

(Received for publication on 12fch October 1932.) 

(With Plate XUT). 

Purple pigmentation is often a reliable and easily pursued index to varietal 
classification. The sorghum plant in spite of its stature and bodily possibilities, is 
not so easy a material for purple pigment to manifest itself upon, as is the case with 
such small cereals as rice, or Italian millet. This difficulty, notwithstanding, colour 
even in the vegetative portions, does help to separate the varieties. 

The colour of the glume (the husk) has served as a basis for the classification of 
the varieties [ Benson and Subba Rao, 1906 ], as the Tamil and Telugu names of 
some of the varieties will show. Vinall and Cron [ 1921 ] recorded the simple domi- 
nance of the red glume over the black. The difficulties in the grouping of the complex 
manifestations of this character are reflected in some of the figures given by Rama- 
nathan [ 1924 ]. Nowhere has the sheath character, so prominent, been recorded. 

In early stages when the tissues are green and sappy, difierentiation in colour is 
not easy. But at the stage of heading and the decline in vegetative vigour, the 
beginnings of colour manifestation and differentiation are easily visible. Long 
before colour differences show in the grain or in the glumes enclosing it, the most 
marked evidences of difierentiation are seen in the leaf-sheath. In the scanty earlier 
literature on the subject this easily noticeable character has not attracted the atten- 
tion or care it deserves. 
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Two broad types of sbeatb are met with. Tbe first is tbe brown sbeatb, wMcb 
occurs in plants that sbow no purple pigmentation on tbe sbeatb. Tbis type is 
largely confined to RoxburgUi var. Mans, Stapf. In this group when tbe 

sheaths start to wrinkle and dry up they put on a straw colour, with isolated 
patches of brown. Blotches and spots on leaves are yellowish-brown in colour. 

The second typ(3 is the familiar purple-pigmented sbeatb met with in the com- 
mon Sorghum Burra Stapf. Tbe presence of tbe pigmentation is visible in the pre- 
maturity stages, such patchiness as was referred to in the brown, taking on a purple 
colour. The result of tbis chronic patchiness is that there is practically no sbeatb 
with an even daub of purple. The leaves, when punctured or injured, run into a 
similar purple spottiness. 

A sub-group of tbis purple type is singled out by tbe dark, practically inky tint 
that it takes on, as compared with tbe fairly bright purple of tbe ordinary purple 
sheath. Similarly, spots and patches on leaves appear blackish. There are thus 
three leaf-sheath colours — brown, reddish purple and blackish purple. 

In close association with the manifestation of this pigment on the sheath and later 
than it in the stage of maturity, is the appearance of similar grades of colour in the 
glumes enclosing the rapidly maturing grain. These glumes are botanically the two 
outer glumes of the sorghum spikelets. The glumes are either whole and smooth and 
cushiony in the centre or often wrinkled up crosswise, so that as a theatre for 
the manifestation of colour with uniform evenness they offer a poor and inconstant 
surface. In non-wrinkled glumes the manifestation is very clear and glabrousness 
helps to set off the colour. The more obtrusive colour is the black. This occurs 
in plants with sheaths that are blackish purple. In purple-sheathed plants the 
glume is reddish. In brown sheaths the glume is brown. This parallel separation 
in the glumes (Plate XLII) is fairly easy with increased experience in the pursuit of 
this character. The greatest difficulty is introduced in the case of wrinkled 
glumes ; this wrinkling tends to cut off the top half and desiccate it the quicker, with 
the result that what colour there is, lingers at the base of the glumes. So minute is 
the manifestation, that often the removal of the grain and a look through the 
hollow of the glume at the place of attachment is the only guide to the spot showing 
colour at the base. In the smooth non-wrinkled glumes, the central cushion, with 
its quick drying, often leaves a central patch of rarified colour* This difficulty makes 
a minute examination of the glume essential b<^fore a classification could be made. 

The structure and corrugations of the glume notwithstanding, the broad fact is 
clear that there are three types of colour in the glumes and that these correspond 
and go with similar leaf sheath colours. Thus all pure lines are separable into 
these three groups. The sheath colour always went with the glume colour, there 
being no cases of the separability of this joint manifestation, 



Blackish 

Reddish purple, 

purple. 
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The mheritaiice of tMs slieatli-glume cliaracte.r, a colour ctaracter wMci. is the 
most patent in the sorghum plant, has been worked out; The easy guide that the 
prominent sheath gives in field classification and the ready grouping that varietal 
names fall into, on the basis of glume colour of harvested earheads, give the pursuit 
of these characters in inheritance, a very practical interest. 

A factor P is present in the purple group and absent in the browns; Purple is 
dominant to brown. The purple group is divisible into two sub-groups, one with a 
factor Q which makes the sheath and glume reddish purple and the other without 
it, which results in the sheath and glume appearing blackish purple. The former 
is dominant to the latter. These two factors P and Q result in the following gene- 
tic constitution of the three groups— reddish purple (PPQQ), blackish purple (PPM), 
brown (ppQQ orppM). The inter-play of these two factors results in the usual 
monohybrid and dihybrid ratios. Segregations for these three sheath-glume charac- 
ters are presented in the following tables. The natural crosses are the chance pro- 
genies of unbagged individuals in pure lines. 


Table I. 


Pure for Q, segregating for P. Natural cross spotted in 1926. 


Generation 

B'amily Xo. 

Character 

of 

selection 

Behaviour of prc 
glume 

Eeddish purple 

geny sheath and 
jolours 

Brown 


A. S. 1796 

Beddish purple 

46 

17 

Fa 

„ 2231 


77 

14 


. „ 2233 


76 

29 


„ 2235 


83 

27 


„ 2236 


55 

13 


,, 2241 


40 

11 


„ 2232, 2238, 





2239 


Pure 

— 


„ 2234,2237, 





2240, 2242 

Brown 


Pure 



Total 

377 

111 

Other families 

A, S. 396, 404, 





412, 422, 





474, 1157, 





1158, 1304 


1 ■ 557 

186 



Total 

934 

297 


X«=O*gOO0, P>Q‘3 


Qalculated{3:l) 923-25 307*75 


8 .^Andropogon Sorghum. 


9 % 
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Table IT. 


Pure for Q, segregating for P. Natural cross spotted in 1928. 


Generatioa 

Family No, 

Character 

of 

selection 

Behaviour of pro 
glume ( 

Blackish purple 

igeny sheath and 
jolours 

Brown 


A.S. 426 

Blackish purple 

12 

5 


„ 462 

»> 

100 

41 


„ 463 


95 

33 


„ 1358 


107 

33 


„ 1362, 1363 

Brown 

— 

Pure 


, , 

Total 

314 

112 

Other families 

A. S. 1376, 2646, 





2547, 2552, 





2655 

•• 

145 

46 



Total 

459 

168 


Calculated (3 : 1) 462-75 154-25 


X»=0-122, P>0-70 

The following data from artificial crosses confirm the experience presented 
above. The parents of all artificial crosses are pure lines grown for a number of 
years at the Millet Station. 


Table Il-A. 


Artificial cross No. XXII {1927). 


Generation 

Family No. 

Character 

of 

Behaviour of progeny sheath 
and glume colours 



selection 

Blackish purple 

Brown 

Parent 

F 

i 

A. a 1984 
„ 1975 

„ XXII 
,, 2949 
„ 2960 
„ 2951 
„ 2952 

2953 

Blackish purple 

», 

,, 

» > 

d 

Blackish purple 
212 

104 

139 

322 

280 

2 

iol 

40 

56 

81 

99 



Total 

1067 

377 

From 2nd arti* 
ficial cross 

A. S. 2937, 2938, 

2939,2940, 


919 

271 


Total 

1976 

648 

X*=0-I3, P>0'70 

Qfdcnteted {3 :1) 

im ) 

1 656 
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Table III. 


Pure far P, segregating for Q. Natural cross spotted in 1924. 


Generation 

Family No. 

Character 

of 

Behaviour of progeny sheath 
and glume colours 

selection 

Reddish purple 

Blackish purple 

■ / 

A.S. 492 

Reddish purple 

63 

24 

Fg 

„ 1442 

9» 

55 

14 


„ 3443 


42 

8 


„ 1444 

Blackish purple 

j — 

Pure 


(From A. S. 1442) 

A. S. 2061 

Reddish purple 

37 

14 


„ 2062 

99 

51 

12 


„ 2063 

99 

46 

17 


„ 2064 

99 

27 

11 

F, 

(From A. S. 2063) 

A. S. 2575 

99 

106 

36 


„ 2576 

99 

89 

' 32 , 


„ 2578 

99 

123 

46 


„ 2577 

99 

Bure 



„ 2579, 2580 

Blackish purple 


Pure 



Total 


214 


Calculated (3 : 1) 639 : 213 


/S= 0-0083, P>0-9 

The artificial crosses given below confirm the experience of the previous table : — 

Table IH-A. 


Artificial cross No. I. {1927). 


Generation 

Family No, 

Character 

of 

selection 

Behaviour of p 
and glum< 

Reddish purple 

rogeny sheath 

3 colours 

Blackish purple 

Parent 

A. S. 1842 


$ 

, ■ 


„ 1844 

, , 

— 

S 


.. I 


Reddish purple 


^8 

„ 2916 

Reddish purple 

217 

61 


2917 


80 

26 


„ 2918 


111 

36 


„ 2919 

9f 

101 

44 



Total 

609 

167 

2nd cross 

A. a 2920, 2921, 


381 

118 


2922, 2923. 




3rd cross 

„ 2924, 2926, 


620 

168 


2926, 2927. 






Total 

1410 

463 


Calculated (3:1) 1397-25 466-76 


^8 = 0-466, P>0-3 
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Table IV. 

Segregaiing fori? and Q. Natural crosses spotted %n 1925. 


Generatioa 

Family No. i 

Oiiaracter 

of 

selection 

Behaviour of progeny sheath and glume colours 

Reddish purple 

Blackish purple 

Brown 

F, 

A. a 1418 

Reddish purplo 

133 

56 

73 


„ 1421 

}» 

125 

46 

63 


„ 1423 

99 

74 

26 

38 



Total 

332 

128 

174 


Caloulated (9:3:4) 356-5 H9 158-6 

X’=3-86, P>0-( 


SUMMABY. 

In sorghum the colour of the leaf-sheath and the colour on the glume go 
together. A factor P separates the purple-pigmented from the brown-sheathed 
Tarieties, the former being dominant. In the P group, a factor Q helps to separate 
the purple into reddish purple and blackish purple, the latter being recessive. 

III. GEAET COLOUES : EID, inBLLOW AND WHITE. 

BY 

G. N. EANGASWAM AYYANGAE, B.A., I.A.S., 

Millets Specudist, 

0. VIJIAEAGHAVAN, L.Ag., 

M. a. SANKAEA AYYAR, B.A., B.Sc. (Ac.), 

AND 

V. PANDDEANGA EAO, M.A., 

Assistants to the Millets SpedcHist, Agricultural Research Institute, Coimbaiore. 

(Eeoeived for publication on 7tli December 1932) 

(With Plate XLIIl) 

Sorghum is a naked grain. Unlike other cereals it is not covered and protected 
by a husk. This exposing of the grain is the difference between the grain sorghums 
and the rest. In the grain sorghums the grains develop and remain prominently 
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out of the glume, the enclosing and keeping in position by the glumes being just at 
a minimum. 

Grain colours are an easy guide to the classification of cultivated varieties of 
crops. In most cereals, grain colour is the colour of the husk, but in sorghum it is 
the colour of the grain itself and as such the individuality of the various colours 
and their inheritance is a subject of primary pursuit. The nakedness of the grain 
imposes the disability of exposure to various meteorological conditions and the 
consequent dfficulty in uniform standards for the pursuit of the many colours met 
with. In spite of this difficulty, broad agricultural varieties with definite colours 
exist. The commonest colours are the favourite white and yellow. Eed is not so 
common and browm is rare. The individuality and inheritance of the three main 
colours, namely, red, yellow and w^hite are described below. 

Eeview of litebatube. 

Graham [1916] working on the sorghums of the Central Provinces studied the 
inheritance of grain colours. He classified the different groups into red, yellow and 
white, with a monogenic difference between any two. In the families m which all 
three groups occurred he found a total of 340 red-seeded, 96 yellow-seeded and 139 
white-seeded plants, or a close approximation to a 9 : 3 : 4 ratio. He obtained red 
plants by crossing some of the whites woth a yellow-grained plant, from which 
he assumed “ that some of the w^hites are really undeveloped reds and only require 
the addition of yellow to cause the red colour to develop''. 

Karper and Conner [1919], and Sieglinger [1921] determined the amount of 
cross pollination in mile by taking advantage of the fact that the seed of the Fj of 
a cross between white and yellow milo is yeUow. 

Conner and Karper [1923] studied the inheritance of seed-coat colour in natural 
crosses between Dwarf Yellow and Dwarf White Milo, Eed Kafir and White Kafir, 
and Pink Kafir and White Kafir. In the first cross they found that yeUow behaved 
as a simple dominant to white. The of Eed Kafir X White Kafir cross was pale 
red, and in the Fg a ratio of 1 red : 2 pale red : 1 white was obtained. Similar 
results were obtained from the cross between Pink Kafir and White Kafir. 

Sieglinger [1924] made extensive studies on grain-colour inheritance and in the 
crosses Sunrise Kafir X Eed Kafir and Eed KafirX White Kafir obtained in the Fg 
generation simple monohybrid ratios of three red-seeded to one white-seeded plant. 

Eamanathan [1924] obtained a ratio of three red to one white grain in the 
progenies of some natural crosses. In crosses which segregated for three colours he 
got the following numbers: ‘red ' 239, 'yellow' 144, and ‘white' 27, and of these 
no explanation is given. 
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The senior author [Rangaswami Ayyangar, 1924], while studying the extent of 
natural crossing in a sunamar crop, observed that yellow was dominant to white 
andirom the progenies of a number of families studied obtained a ratio of three 
yellow to one white in the Fj generation. 


Early MONOGENiC EXPERIENCES. 

The following summarises the experiences of the earlier years (1922-25) at the 
Millet Breeding Station, in the segregation of grain colours. All the families are 
from natural crosses. It will be noticed that the segregates have been simple red 
to yellow, red to white, and yellow to white colours — all of the monogenic type. 


Year 

Family Ko, 

Grain colours 

1922 

A. 8* 

137,139, 142, 146,419 

Bed, 

214 

Yellow 

68 

1924 


139, 142, 146 . . . . 

114 

31 

1925 

»> 

140,141,143, 144, 145, 618, 519, 
624, 637. 

698 

234 




Bed 

White 

1922 

» 

168,407 ... . . 

75 

33 

1924 

>» 

836, 836 . . . . . 

71 

23 

1925 

»» 

319, 320, 485, 512, 614, 620, 630, 
632, 634, 909. 

645 

202 



• 

Yellow 

White 

1924 

1 » 

846, 847, 848, 849, 860, 861, 862, 

863. 864. 866, 856, 867, 858, 869, 

860.861.862.863.864.866.866, 
867,868,869,897,898.899. 

3399 

1280 

1926 


469,636,932,933, 934 . . 

233 

76 


A, Sorghum. 
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In the course of the examination of families A. S. 897, 898 and 899 quoted above 
«an interesting relationship was noticed between grain colours and the colour of 
fresh anther and stigma. The segregates being yellow and white, the yellow grains 
had yellow anthers and yellow stigmas. The white grains had light yellow 
anthers and hyaline stigmas. There was an intermediate group of yellowish 
white grains with light yellow anthers, yellow style and hyaline stigmatic 
feathers, the intermediates being twice each of the pares, an interesting indication 
of the heterozygous condition. Thus there was segregation for fresh anther and 
stigma colours concurrently with grain colours [Eangaswami Ayyangar, 1926]. 
The above experience was from seed material drawn from the Deccan area where 
the meteorological conditions favour the study of these fine characters. Elsewhere 
this delicate character is difficult to study owing to the impossibility of securing 
optimum conditions for reading the character. 

EaELY DiaSNIO EXPERIENCES. 

In the year 1926 the first experience of a triple segregation was met with and 
one of the families, S, 621, gave figures approximating the 9:3: 4 ratio of red : 
yellow : white, referred to by Graham. 

In the year 1926 enough of this triple segregation was noticed and the 9 : 3 : 4 
ratio was met with in extenso. The sum total of this is given below 

Grain colours 


A. S. 1011, 1150, 1157, 

1158, 1163, 1314, 

1334, 1337, 1339, 

1340, 1341, 1342, 

1343, 1344, 1409, 

1498, 1499, 1600 1029 

DiPFEEENTIATION OP THE ' WHITES \ 

The reason given by Graham that certain white-grained plants are undeveloped 
reds requiring the presence of yellow to cause the red colour to develop not being 
sufficiently explanatory, a close examination of the white group was made. At the 


1926 


Yello’w I Whit© 


292 404 



Family 

No. 
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stage of flowering no difierences were noticeable. But when tbe antbesis was over 
and tbe greenish growing grain was emerging, the mass of dry anthers clinging to 
the earhead showed a differentiation between plants and looked like giving an 
indication to the composition of the whites [Rangaswami Ayyangar, 1926]. The 
optimum conditions for regular counts did not exist but the incidence was distinctly 
of a type that showed a mixture of plants with dry anthers coloured red and sienna, 
the former being quite in excess. This gave the clue for the study of this fine 
difference in the whites of the triple segregates, and a similar occurrence of the two 
sets of dry anthers, viz,, very light red and light sienna, was noticed in that group. 
When harvested heads are tapped on a piece of paper the dry anthers clinging to 
the crevices fall down and can be classified. But it should be noted that this 
character is best studied and recorded when the antbesis is in full swing and when 
the earhead is covered by a mass of dry anthers with a sprinkling of fresh ones. 

This certain occurrence of the two kinds of dry anther colours in the white 
grain group was studied in the harvested heads by a close examination of every 
part of the husk and grain and led to the detection of differences in the base of the 
husked grain, most of them having a zone of colour round the place of attachment 
in the area covered by the glumes [Rangaswaml Ayyangar, 1927, 2]. 

The result of the examination of the grain bases in the white heads of the 
triple segregates are given below : — 


Year 

Family 

No, 

Grain colours, 

White grain 

with 
red base 

with 

yellow base 

1926 

A. S. 1067, 1177, 1178, 1211, 
1212. 

91 

29 


It will be obvious from the above table that rhere was a segregation for the 
basal colour of the white group and that presumably the dry anther segregations were 
the forerunners of this. Thus the need for the study of both the dry anther colour 
and the colour of the grain base was clearly indicated and in subsequent years studied. 
Along with the above two characters, the closely related fresh anther and stigma 
colours have also been noted [Eangaswami Ayyangar ef al, 1933], 
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The histories of clans :4. S. S40 and A. 5. 1167 pursued through generations are 
given in the following tables 

Table I. 

A. S. SiOdan. Natural cross spotted in J!923. 


Generation 


Obaracter 

of 

selection Stiiima 


A.S. 840 

Bed 

922 


,, 908 

» 

„ 909 

>9 

„ 921 

»9 

„ 923 

Yellow 

„ 924 

White 


(B. base) 

(from A, S. 922) 


A. a 1163 

Bed 

„ 1162 

»» 

„ 1164 


,,1166 


„ 1166 


„ 1167 

Yellow 

1168 

„ 1169 


„ mo 

>9 

„ 1171 


„ 1172 

99 

„ 1174 

White 


(B. base) 

„ 1173, 


1176 

99 

(from A. S. 908) 


A. S, 1216 

Bed 

„ 1217 

9 9 

„ 1218 

99 

„ 1216 

99 

„ 1219, 


1220 

White 

(from A. S. 1164) 


A. S. 1621 

Bed 

„ 1623 

99 

„ 1622 

99 

„ 1624 

Yellow 

(from A. a 1X65) 


A. S. 1626 

White 


(B. base) 

(from A. S, 1174) 


A. S. 1627 

99 

„ 1629 

■ 99 

„ 1628 

99 

„ 1630, 

White 

1631 

(Y. base ) 

(from A. S. 1168) 


A. S. 1626 i 


— ! 



Benavionr of progeny 


(E, base) (Y. base) 


♦ Y^XelloW, E=:Bed, S^Sienna, V=«Very, 
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Table 11, 


A. 8, 1157 clan. Natural cross spotted in 1925. 



Family 

Character 

of 


Behaviour of progeny 


Generation 


selection 


. . .y 

. . .y 

- - VLY 

---VLY 

_ - \7T V 

No. 

(grain) 

Anther 

- - . Y - - 

y 

- - VLY- - - 



Anther 
dry - - - 
Gran - - - 

— Red — 

...8--- 
. . Yellow- - 

--VLR. . 

- -WMte- - 
(R. base) 

---LS 

--White-. 

(Y. base) 

F, 

A. S. 1157 

Red 


77 

21 

20 


„ 160*^ 

it 

• • 

21 

5 ' 

6 

■ 2 ' 


„ 1610 



15 

8 

7 



„ 1608 


* « 

34 

14 

• * 

mm 


„ 1611 

Yellow 



123 

. • 

46 


„ 1612 

White 
(R. base) 

•• 

• * ■ 


36 

;■ ,14 ■ 


„ 1618 

t* 


• • 

« • 

40 

14 


„ 1614 

(from A. S. 1608) 

White 
(Y. base) 

• • 

■ • • 

* • 

* * 

pure 


A. S. 2133 

Red 

» • 

85 

27' 

. * 

mm 


„ 2134 

»» 

• • 

83 

20 

* « 

m m 


„ 2136 

it I 

• • 

85 

26 

• * 

m * 


„ 2135 
(from A. S. 1161) 

it 


pure 

1 

•V '■ 

"■ •• .. 


A. S. 2488 

Yellow 

• . 

, , 

38 


10 


„ 2489 

it 

• , 

* • 

73 

• • ' 

17 


„ 2490 

it 

, , 


31 

* « 

2 


„ 2487 
(from A. S. 1613) 

tt 

•• 


pure 




A. S. 2138 

White 
(R. base) 

•• 

•* 

•• 

82 

18 


„ 2139 

tt 

. , 

• • 

• • 

86 

29 


„ 2140 

tt 

• • 


* , 

89 

23 


,,2137 

tt 

• . 

• • ■" 

* • 

pure 

• • 


,,1614 

White 
(Y. base) 





pure 


Other experiences of grain base segregation have been met with in 16 families 
with a total of 738 red base to 259 yellow base. 


Grain base colour anb oaping glumes. 

While discussing the subject of basal colour of white grains it is necessary to 
note that this appearance of colour is consequent on the protection afiorded by 
the glumes against the bleaching of even this vestige of colour. 

In Borghum RoxburgMi var. the glumes in mature grains gape out 
and expose grain bases. With this character of gaping glume segregates have 
been met with for grain colour in which the white group of grains could not be 
separated on the basis of grain base colour into red base and yellow base. That 
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this non-differentiation was only an effect of the gaping glumes exposing grain 
bases will be clear from the following segregations for dry anther colour alone met 
with in the white grain group of families with gaping glumes. 

OeaIX WHITE — HO BASAL COrOBE 
Dry anther segregations 
Very light Very light 
red brown 

A. S. 1914, 1916, 1926, mo . . \ 182 68 

Discussion. 

E and W factors. 

The foregoing data is unmistakable in its import. That there is a single factor, 
the addition of which to the yellow results in red is obvious. The innumerable 
monohybrid segregations for red and yellow prove it. The classification of the 
whites on the basis of the colour of their bases is also definite. The patch of red 
colour is confined to the base under the protection of the glumes. The conclusion 
is unmistakable that in the red-based white the factor that could produce the 
colour all over the grain is lacking [Eangaswami Ayyangar, 1927, 1]. These whites 
are reds with the disability to manifest whole colour. The white is the result of 
the elinoination of the factor for whole colour. Graham's supposition that the yellpw 
colour has some connection in activating some of the whites to produce red has 
to be interpreted not as a direct contribution through the yellow but as the coming 
in of the factor for the ‘ wholeness ' through the ' whole yellow On this inter- 
pretation both the reds and the yellows have a factor W that results in their 
ability to put on whole colour-red or yellow. In the absence of W, ths colour is 
confined to the base. The collateral effect of the presence of this W factor is re- 
flected in the deeper tint of the fresh anther in the whole coloured reds and yellows 
and in correspondingly lighter tints in the whites, whether red or yellow based 
(Plate XLIII). The single factor difference recognised hy all previous workers, 
namely R, between red and yellow has its effects in the colour of the dry anther 
so that wherever red appears, be it whole or basal, the tint is red, and wherever 
there is yellow, be it whole or basal, the dry colour is sienna. 

In artificial crosses Nos. LXX^? and A£. LXXIX made between yellow 
grain and red-based white grain, the plants W'ere whole red, as was expected. 

Y factor. 

The anthers of all the sorghums so far examined are yellow in colour when 
fresh. They differ from each other only in the depth of the yellow colour. All 
anthers when dry have a basic yellow colour, though withering imparts to the 
lowest depth of colour of these dry anthers a sienna tint. From this sienna tint 
they grade up in depths of brown when factors for brown are present. This 
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ramification conseqnent on tlie presence of brown factors will be dealt with sepa- 
rately. When there is red the colour is so overpowering that the yellow is masked 
as well as the brown, so much so that the red dry anthers will grade np in depths 
according to the basic yellow or brown in them. 

Sections of the sorghum grains in the many varieties examined reveal a tint 
of yellow in the alenxone layer of practically every one of the types, including the 
whites. This yellow in the aleurone layer, corresponding to the yellow in the 
anther fresh and dry, seems, therefore, to be a fundamental attribute of the 
sorghums of the hot climates in their natural habitat. A factor IT is therefore 
taken as the starting point for the colour schemes in the sorghum grains. 

1 factor— pink grains. 

We have thus three factors R, W, and Y. Closely acting on these factors is a 
factor I that determines the manifestation in intensity of the above colour factors. 
As has been said already the maturity of the grains in open imposes difficulties in the 
separation of shades in colours, but in the obtrusive red the effect of the I factor 
is very patent giving rise to two distinct types of grain, red and pink. The pink 
grain is characteristic in its translucence, a veneer of red showing over a yellow 
background. In the foregoing tables the red-yellow- white segregation have been 
given with the I factor common to all. The following table summarises a similar 
experience without the I factor, giving pink, yellow and white segregations 


Family No. 


Grain colours 

Pink 

YeDow 

White (R. base) 

A. S. 926, 1179, 1180, 

1182, 1183, 1192, 

1194, 1656, 1657, 

1668, 1669, 1661. 

788 

240 


A. S. 369, 1027, 102», 

1566, 1667, 1668, 

1573, 2094. 

326 


84 


In the following table the I factor is at play : — 


Grain colours 


Pink 


Family Ko. 


Red 


White (R. base) 
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In the presence of R, the I factor is thus easily at play. Yellows with and 
without the I factor are difficult of clear separation. The lightness of the colour 
and the quick reaction to weather conditions coupled with a Tbrown wash found in 
most yellow varieties, add to this difficulty. Even so with the help of the R factor, 
the yellow allelomorphs could be separated. A. S. 812 is a pure line with white 
grains having red bases — R without W. Two yellows A. S. 810 and A. S. 817, were 
crossed with it. The F^s from the former were red-grained and from the latter pink. 
The difference between the yellow was so faint that but for this noticeable beha- 
viour with R, the two yellows would have passed undifferentiated. This nicety 
between them represents the effect of the 1 factor. 

Thus we arrive at the following genetic constitutions for the red-yellow-white 
group of grain colours :— 


Bed 

Pink 

Yellow 

White (red base) 
White (yellow base) 


YYRR WWn 
YYRRWWii 
C YY rr WW U 
i YYrr WW ii 
YYRRww n 
YY RR WW ii 
YY rr ww II 
YY rr ww ii 


Summary. 

The inter-relationships between red, yellow and white "rain colours in sor- 
ghum have been pursued. Yellow (factor Y) is the basiv colour. With R, red 
grains are produced. A factor W determines the manifestation of colour in whole- 
ness. Without W, R gives a white grain with a red base ; similarly Y, gives a 
white grain with a yellow base. 

Dry anther colours run parallel to grain colours and help in the separation of 

the white grains into their respective allelomorphs to coloured grains. 

A factor I determines the intensity of colour manifestation and is unmistakably 
noticeable in the red group. Red without the 1 factor gives a pink grain. 

Monogenic and digenic interactions of these factors have been met with. 
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The sorghum plaB.t is slow to develop purple pigmentation. With the 
beginning of the reproductive phase the latent possibilities of the plant for this 
manifestation begin to show, but with the disability that the scope for its manifesta- 
tion is getting reduced and that even this is subject to the depredations of the 
various meteorological conditions. The glumes do not show' much colour develop- 
ment in the very early stages of the heading and it is often not till well after 
pollination that glume colour starts to develop. Grain colour does not show best 
till the head is just ready for harvest. In a fam% segregating for characters apart 
from such a patent character as awn, it is difficult to judge the nature of a head, 
as the glumes in most cases show little apparent" differentiation. It is therefore 
necessary to look out for all recognizable characters that could aid selection of 
plants for selfing in the early stages and later on to serve as checks to fix up grain 
groups, whose sharp classification is often rendered difficult by the fact of their 
maturity in the open. With the beginning of anthesis and the concurrent pro- 
trusion of the stigmas waiting to be pollinated, varietal differences can in a way 
be marked out [Rangaswami Ayyangar, 1926]. Graham [1916] mentions that 
the colour of the plant can be detected at the time of flowering, the stamens 
and stigmas 6f the red-grained plants being orange, and those of the yellow and 
white pale yellow. * 

Stigma. 

Stigmas and their feathers are usually yellow in colour. In the deeper coloured 
grains there is a tendency for the stigma to appear in deeper shades of yellow 

* Bart J. iSfei, Vol.X IV. 
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wlieu In lighter shades of grain colour and in the big group of white 

grains, the stigma lightens its colour both in depth and in distribution so that 
stigmas that are hyaline and others in which the yellow tint is confined to the 
central axis or to stray feathers of the stigma, are met with. Definite* grouping 
can within limits be attempted, but for the fact that the delicacy of the organ 
concerned, its quick withering, liability to mould, and a smothering with pollen 
and response to colour reactions on withering, add to the difficulties of clear-cut 
groapmg. Even so, the following groups can be made deep yellow, yellow, 
light yellow, and very light yellow, running down to colourless hyaline stigmas. 


Fresh anthers. 

Parallel to this grouping in the stigma, and much more definite and indivi- 
dualistic, and considerably easier in pursuit is the classification of the fresh 
anther. Among freshly emerging anthers the following groups occur:— deep 
yellow, yellow, light yellow, and very light yellow. Ko white anthers have so 
far been met wdth. 

The defect in the parallelism between the stigma and the fresh anther colours 
raises a doubt as to whether some extreme forms of light yellow in the anthers 
are really whites or whether the hyaline stigmas have any elements of yellow in 
them not easily notiiceable— problems that await clarification wnth further obser- 
vations. 


Pollen grains. 

The more delicate pollen grains show differences in the depth of yellow. Eed-^ 
and yellow-coloured grains have yellow pollen, the former being a shade deeper 
in colour. White-grained varieties have pollen grains coloured light yellow* 


" Stigma and fresh anther relations. 

How these coloured contents of the fresh anthers contribute to the difficulty of 
fixing the lower grades of anther colour, is the measure by which the absence of 
white anthers could be explained. The fresh stigma and the fresh anther therefore 
fall into the following groups (Plate XLIV):— 


Fresh stigma 

1. Deep yellow 

2. yeUoW . 

3. Light yellow 

4. Very light yellow 

6. HyaJine . 


Fresh anther 
Deep yellovi^ 

Yellow 
Light yellow 
Very light yellow 
( Light yellow 
I Very l%ht yellow 



5 
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DeY ANTHEKS. 

Tlie anther sacs wlieii t W various colours. Patel [1926] utilized 

the weathered colour of the anther to spot natural crosses. Patel and Patel 
[1929] record that all tine distinctlv red anthers liad also the shrivelled-up stigmas 
of a red colour. In tli<* of vedlow-antliered types the stigma Was likewise 
whitish yellow to y(‘l!ow in (Uilour. The dry anther colours have received attention 
at the Millet BiT(Mling a th Ml fD')m early years and the relationship of dry anther 
colours to grain (‘oloiirs lias biHUi recorded [Raiigaswami Ayyangar, 1926 and 
1927]. There is a. I’ougli pnraili'lism between these colours and the colours that 
appear later on on tle.‘ grain. It, is tlie difierential response that these dry anthers 
shon? that heljjs in. fli(‘ si.oiaraiion of thiy white grains into siib-groiips. A white 
grain is the r(‘sult of u<‘ga.tiou of cT;lour factors, or absence of the faculty for the 
manifestation of colour. This absence of the factor for manifestation is reflected 
in the subtle lij'aline stigma wliicli is the monopoly of the white grain group. 

Dry anthers fall under tliree broad colour groups — ^brown, red, and sienna 
(yellowivsli). The sienna dry anther ranges from a very light buff to sienna 
that runs the risk of merging into the lighter shades of the brown group. The 
sienna is definitely diffei'eni. frcmi the brown in that it lacks the factor for brown. 
The mass effect of brown is evident in the brown grain group, but in the sienna 
only stray brown colouration consequent on weathering is met with. The most 
individualistic groiip is the red. The brightness of the red tint dominates other 
basic or superimposed colours so much so that the presence of the red either over 
the sienna or under the brown stands out clearly. As has been said above, the 
whites vary in their composition. There are whites related to the brown, to the 
red, and to the yellow, so much so that the white-grained dry anther group gives 
a range from brown through red to sienna with a blend of shades. 

GeAIN COLOUBS. 

In dealing with grain colours, since we have to parallel the anther colours, 
it is best to set aside the white grains whose individuality depends upon their 
coloured relations. It can be said generally that yellow grains have sienna dry 
anthers, red grains red dry anthers, and brown grains brown dry anthers. 
The inter-relationship between the brown, red and yellow and the genetic com- 
position of the groups among browns, among reds and among the yellows together 
with the existence of a factor or factors governing the blend of colours give rise 
to various qiialifi.catioJis, like very light, light, reddish, brownish, etc., modifying 
and increasing these basic colour groups. These sub-groups are best handled 
concurrently with grain colours and their inheritance* 

. ■ ■ ■ ■ ' 
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Summary. 

Fresh antlier colours vary ia the tint of their yellow from deep to very light. 
These correspond to similar gradations of colour on the stigmas. Some of the 
stigmas are hyaline and in these the anthers may be light yellow or very light 
yellow. 

Pollen grains vary in colour and in the deep-coloured grains are deep yellow 
and correspondingly lighter in the lighter-coloured grains. 

Anthers when dry become coloured, the colours appearing earlier and parallel 
to the later developing grain colours. White grains could be classified into 
sub-groups on the basis of their dry anther colours. 
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BIOMETEIC STUDIES IN SORGHUM. 
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SORGHUM. i 
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P. SUBRAMANYAM, B.So. (Ag.). i-j 

(Beceived for publication, on 9th September 1932), ' j' 

(With seven text-figures). 

Introduction,. ; rf 

To tlie plant breeder wlio is often confronted with a diverse TOriety of plants S' 

and types from a number of sources, the problem of their economic significance is a \ 

subject of much fascinating study. The nature and configuration of the several ; 

types, their behaviour under difierent conditions and their relation to yield are all 
of fundamental importance in the handling of crops. Towards this end, character i p 

studies with the yield as the basis, have a natural bearing. The result of such a ;■ l\ 

study, made on the 'pacha' jonna, a oi Ardropogon Sorghum extensively ; 3 | 

cultivated in the Nandyal valley of Kurnool district, are presented in this paper. \ 

Material AND METHODS. 

The plants examined comprised 34 pHte lines oi pacha jonna, hemg the 
progeny of single plants originally selected by Mr. G. N. Rangaswami Ayyangar, the 
Millet Specialist, Coimbatore, and his assistants and grown at the Fandyal 
Agricultural Research Station during the year 1931-32. Due to severe attack 
of the earhead bug, Galocoris angmtatus^ observations were confined to healthy 
selections in each of which 60, or sometimes more, good plants were examined. 

This material was supplemented by measurements on 460 plants in one field and 
300 in another, on an nth generation bulk of T. 8, a strain of pacha jonna. 

The characters included for study were as follows : — 

(1) Weight of head (grams) 

(2) Circumference of head (centimetres) 

(3) Diameter of peduncle (centimetres) 

(4) Length of head (centimetres) 

(6) Height of plant (centimetres) 

(6) Length of peduncle (centimetres), and 
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(7) Emergence (centimetres), the last character being measured by the 
distance from the flag junction to the base of the head, being positive or 
negative, according as this base is above or below that junction. 

COEEELATION OF THE DIFFEEFJTT OHAEACTERS WITH THE YIELD OF THE PLANT. 

As a first step in the enquiry the relations of yield to other characters were 
studied by the usual method of correlation coefficients of Galtoii, taking as the basis 
of yield the weight of the earhead. The correlations were determined in three ways, 
namely-” 

(1) By the value of the coeflScieiits in moderately large samples, and in difierent 

fields, of one strain; 

(2) By their distribution in small samples in a number of strains ; and 

(3) By the correlations between the means of different strains. 

As the results got by all these methods were, more or less, similar in essentials, 
they are together presented in a condensed form in Table I. 

Table I. 

C^f relation coefficients of yield with other characters in bulk, ivithin strains and between 
’ stfaim. 


Subject : \¥eight of head (I) 


Ooluma (I) 

(ii) 

(lU) 

(IV) 

(V) 

Relative 

Tg-Bulk, Field 
2B. 

(457 Plants) 

Te-Bulk F. 7. 
(300 Plants) 

111 34 ditlerent 
strains mean 

f 

Between means 
of 34 pure 
strains 

Circumference of head (2) 

•9681 ±*0019 

•8425±-0112 

•908±-006 

*6544±-0663 

Diameter of peduncle (3) 

•8694±*0077 

•7596±-0l()3 

•807 ±*607 

•6893±-0553 

Length of head (4-) 

•7862±-0119 

* 5659 ± *0262 

*705±-013 

*1179±-1143 

Height of plant (5) 

•5578±*0215 

•293(i±-0352 

•517±-023 

— ■0025±-n61 

Emergence (6) 

—•3946±-0264 

— •3070±:-0340 

■ — •234±-023 

— •31}2±*0959 

Length of peduncle (7) 

—•1365±-0307 

— •2150±-0367 

•040±*023 

— •4166±-1C48 


Taking first the relation of yield to other characters ivithin the same strain 
(columns II, III and IV in Table I) it is seen that the characters most related to 
yields are in the order of importance, (1) the circumference of head, (2) diameter of 
peduncle, (3) length of head and (4) height of plant, the correlation in all these cases 
being positive. The emergence, however, shows a much smaller but significantly 
negative effect, while the relation of length of peduncle is still less, being sometimes 
insignificant. The actual distribution of the thirty-four correlation coeflS.cjents 
pertaining to Column IV is given in Eig. 1. 
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It will be seen that even though the number of plants examined wns so small 
as fifty, the distributions of the correlation coefficients are fairly consistent, while 
the result has been farther confirmed by the larger sampling {Columns II and 111), 
It can be inferred from this that in plants within the same strain the circumference 
of head, diameter of peduncle and length of head play an important role in the 
determination of yield and to a less extent the other characters. The extent to 
which these relations of the characters are affected in their movements through the 
different strains is given by the following analysis of variance. 

Table II. 


Correhtiofis of characters : anyhjsis of variance. 


Varianco due to 

Freedom 

Sum of squares 

Mean square 

Between characters 

5 

36-3632 

7-2726Q 

Between pure lines 

33 

1-6506 

0-06002 

Random 

165 

3*2266 

0-01966 ; 

Total 

203 

41-24:04 



Considered in respect of their half logarithmic values, the variances due to both 
causes, the characters as well as the pure lines, are significant (P< *01), the former 
very highly so. Since the contribution from the character differences is very large, 
it can be inferred that the relationships (Column IV, Table I) are generally true of 
/pacha' jonnas as a whole. There exists however another source of variation 
associated with genetic causes, which makes some particular selections behave 
differently from the rest in their character relations. This effect is comparatively 
small though significant, as can be seen by the variance due to pure lines. 

Genetic CORRELATIONS. 

The relations above discussed refer to the correlations of characters within 
plams of the same strain. The next step will be to inquire how far they vary from 
one selection to another, For this purpose the correlations between the means of 
different strains were investigated. The results of such a study are given iti 
Column V, Table 1. 

It will be seen that the relationship between strains is not tbe same as that of 
plants within the same strain. As before, the correlations of circumference of head 
and diameter of peduncle are high but not as high as within the same type.. The 
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length of lead or tlie heiglit of plant of a particular selection seem to have no 
special significance towards yield, and this is just in contrast to the plant relations. 
On the other hand selections with a long peduncle, or high emergence are again poor 
yielders. Although in selection work a freely emerging type of head is preferable 
on account of the freedom from disease and from the harmful effects of rain asso- 
ciated with it, it does not seem desirable to choose for this character beyond the 
required limits as otherwise smaller heads will be got. Considering that these 
correlations have been got from mean values where the variability has been much 
reduced particular significance attaches to the result. It can be concluded from 
these that the yield of the plant exhibits a marked relation to the other characters 
from plant to plant of the same type and that this relationship is true but in a 
modified form and different degrees from one type to another. The next step in the 
enquiry will be to study in what manner these influences make for the yield. 


Regression op yield on the other characters. 

For the above purpose, changes in yield brought about by changes in each of 
the other characters were investigated. Moderately large samples of plants were 
examined in two different fields and the relations discussed in this and the succeed- 
ing section refer to variations of plants within the same type, which are associated 
with environmental causes. They are presented in Figs. 2-7. 



diameter of peduncle. Fig, S, — Eelation of Weight o^jhead to oirctimference of 
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-Kelation of weight of head to length of peduncle. Fig. 7.— Relation of weight of head to emergence. 
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An examination of these figures shows that in the characters circumference of 
head (Fig. 3), diameter of peduncle (Fig. 2) and length of head (Fig. 5), the relation 
is very nearly a straight line. The extent to which the regressions are accounted for 
hy rectilinear variation was determined by Fisher’s [1930] test of significance 


given below ; 


Table III. 

I'est of straightness of regression lines. 



OlROUMFEEENCE OF HEAD 

Diameter of PEDUJiOLE 

Lej^oth of head 

Variance due t o 

Freedom 

Sum 

of 

squares 

Mean 

square 

Freedom 

Sum 

of 

squares 

Mean 

square 

■ 

Freedom 

: : 

iSuiii 

of 

squares 

Mean 

square 

Field 2-B. 




. 




1 ■ . ' 


Within arrays 

434 

2734 

63*0 

434 

44151 

101*7 

450 

96441 

214-3 

Linear regression 

1 

200705 

200705 

'■ b' 

100905 

166905 

1 

124256 

124256 

Deviation from linear 
regression 

21 

13104 

I 

026-9 

■ 21 :i 

11547 

547*7 

5 

1900 ! 

381*2 

Value of *P’ for 
linear regression 

(Significant) <*01 

(Significant) <‘01 

(Not significant) 

Field 7 










Within arrays 

285 

15845 

55*6 

284 

22389 

78*8 

295 

38877 

131*8 

Linear regression 

1 

39593 

39593 

1 

32248 

32248 

1 

17806 

17806*0 

Deviation from linear 

13 

1666 

128*2 

14 

2467 

176*2 

3 

421 

140-3 

regression 










Value of ‘ P ’ for 
linear regression 

(Significant) <*05 

(Significant) <*05 i 

(Not significant) 


il 


It was found that while in the characters circumference of head and diameter of 
penduncle the departure from a straight line was significant, the length of head 
gave a very good fit. It was also noted in all of these characters that the variance 
due to rectilinear regression was very large compared to their deviations so that 
the bulk of the relationship can be taken to be due to the straight line. This adds 
to the value of the correlation coefficients. ^ ^ ^ ^ ^ 

Rectilinear relationship was not however true in the case of the other characters — 
height of plant, emergence or length of peduncle. In these cases the regressions 


, >1:1 ' 
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were studied by equations of the second degree {Kgs. 4, 6 and 7). The eorrespond- 
ing coefficients with their standard errors and the proportion of variance eliminated 
by them are given below' 

Tablic IV. 


Coefficients of regression mi the yield of the different characters. 



Field 2.B 

Field 7 

Character 

Rectilinear 

coefficient 

Second degree 
coefficient 

Bectilinear 

coefficient 

Second degree 
coefficient 

Length of peduncle 

— [•016±0-291 

— 0-I97±0-037 

— 0-533±0-249 

-0-138±0-035 

Per cent, variance 

i 41*5 

37-2 

23-4 

29*7 

Value of P 

<*01 

<•01 

<•05 

<•01 

Emergence 

1 — .l-974±0-210 

-~0-144±0-025 

— 0-948 ±0-244 

— 0-144±0-043 

Per cent, variance 

34-7 

10*7 

50-1 

21-9 

Value of F 

<•01 

<•01 

<■01 

<•01 

Height of plant 

3*24C±0-389 

0-249d::0*054 

0-959±0*290 

~0*107±0'056 

Per cent, variance 

80-4 

11*3 

42-4 

11*3 

Value of P 

<•01 

<•01 

<•01 

0*10 (not signi- 
ficant). 


It will be seen that except in one case of height of plant the second degree 
coefficients are all significant showing that the relationship is more complex than in 
the previous cases [Fisher, 1932]. An examination of Fig. 4 shows that increased 
yield goes with increased height right through in Field 2-B. While in Field 7 the 
relation holds good only up to the mean height beyond which taller plants haVe not 
produced bigger earheads. In the case of emergence or length of peduncle (Figs. 6 
and 7) the relation is similar in the two fields, and nearly similar for the charac- 
ters. It is worthy of note that in both the fields changes in emergence or length of 
peduncle, up to the mean or even a little beyond it, have not produced any appre- 
ciable change in the mean weight of head, but plants with a very high emergence 
or length of peduncle tend to have very poor earheads. It can be inferred that 
selection for these characters will influence the yield in the manner above indi- 
cated, but as these results are affected by the relations of one character with 
another the independent contribution of each was next investigated. 
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Partial relatimsM^s of yield with the Other characters. i,;i 

^ (if 

The entire series of partial correlation coefl&cients [Yule, 1923] of yield with 
other characters at all stages of elimination are given in Appendix, omitting i 

the character, length of peduncle, as not being significant. . ■i 

An examination of the values shows that the relation of yield to circumference ■ | 

of head remains high at all stages of elimination. The relations of other charac- A 

ters however get profoundly altered when the effect of circumference is eliminated, 
shotving that this is the most intimately connected factor in the yield of the plant. i f 

Not only is the magnitude of the final order coefficient small in the other charac- ; f 

ters, but they vary also considerably from one field to another, except in the length iii 

of head (ri4.235=0'3206 ±'0289 and 0-2655 ±‘0360). To judge further their ; 

relative contributions, the follow'ing regression relationships were next studied. ^ 


Yield as a function of the other characters. 

If the yield is expressed in terms of the other characters the resulting genera- 
lised regression equations are as follows: the values % ........ all being 

measured from their means, and the attached coefficients giving the factors by 
which these have to be multiplied in order to give the change from the mean yield. 



10'484 3-2 
10-662 a -2 

-*3311 ^’3 

Field 2-B 

(i2i23=-9681)* 

= „ 

9-606 


+ 2-924,54 

(2?i24=-9702) 

=5 

9-889 3^2 

-5*273 0*3 

■+2-8 14 3-4 

(7^1234^-9706) 


9-618 3-2 

— 9*418t3 

- 1 - 3 - 3953:4 +-0918 3-5 

(2ej2345=-9716) 

=r 

9 - 5903:2 

-6-520 a-s 

+3-373 it !4 +-0733 a -5 -1--0622 3 :^ 

( -77 123458= ■ 9724) 


8-997 3-2 
6-534 3-2 

+52*459 % 

Field 7 

(i?i23 =-8726) 

S= 

7-890 3-2 


-+ 4 - 3073:4 

(.Bi24=+-8664) 

■ = 

6-046 3-2 

+45*365 a ?3 

4-3-376 3:4 

(77i23.i=-8f<66) 

■ '= 

6-107 3:2 

4-4S‘46^ 

4-2-894 3-4 +-0682.^5 

(-77 12345= - 8 -- 6 .t) 

, c=: , 

6'791 3-2 

+47*684 (Tg 

+ 3-104 3-4 +-OS77 3-6— --3651 .Tg 

(•Ri23456= 8902) 

Weight of Circtimference 

Diameter of Length of Height of Emer 


head 

of head 

peduncle 

head plant gence 

( 1 ) 

(3) 

(3) 

(4) : : , ( 6 ) ( 6 ) 



1. From an examination of the regression coeffidents above noted it is Seen I 

that the circumference of head exerts a most pronounced positive influence on the P 

yield in both fields. Considering the standard deviation of this character (c=2-033 I 


* Pisher’s [1932] e test showed that in all cases the multiple correlation coefficients Were very 
nraificant. ‘ , 



020 INDIAN JOURNAL OF AGEICULTDRAL SCIENCE [ III, iv. 

and 1 •285 cm.) the effect can be taken to be appreciable, being greater in Field 2-B 
than in Field 7. 

2. The behaviour of diameter of peduncle is different in the two fields 
(p= —5-3 to 45). Although the variability of this character is low (od =0-137 
and 0-083), the effect on yield should be considered somewhat comparable to that of 
circumference of head in Field 7 but not in Field 2-B. 

3. The contribution of length of head is similar in the two fields but small 
(ctl =0-841 and 0-712). The magnitude of its influence is of a much lower order 
than the circumference of head. 

4. The effect of height of plant is low (p=0-068 and 0-092). Even though the 
character exhibits a large range of variation ((Th= 12-269 and 10-467 cm.) the effect 
on yield is less than that of length of head and more or less negligible. 

5. The influence of emergence (erjj =3-723 and 3-186 cm.) is different in the two 
fields but inappreciable. Bearing in mind that in the last two characters the 
regression is also not linear, their importance is still further minimised. 

The extent to which the yield is expres.sible as a function of the other charac- 
ters can be understood by the values of the multiple correlation coefficient, 7?, 
which are given in brackets at the end of each regression equation. When we 
remember that the original correlation of yield and circumference of head is so high 
as 0-9681 and 0-8426, and that the final multiple correlations are only 0-9724 and 
0-8902 respectively, the inclusion of the other characters cannot be said to have 
contributed appreciably to yield. The relative importance of these characters can 
be understood by the following analysis giving the proportions of the variance eli- 
minated by successive inclusions of the characters in the regression equation : — 


Table V. 

Analysis of variance of different (diaracters. 


Character included 


Circumference of head 
L^bh of bead 
Diameter of peduncle 
Height of plant 


Mean residual yariance 


Field 2-B 

Free- 

dom 

Vari- 

ance 

elimi- 

nated 

Percen- 

tage 

variance 

elimi- 

nated 

Residual 

vari- 

ancse 

465 

208579 

93-70 

14024 

454 

868 

’39 

13156 

453 

222 

*10 

12934 

452 

422 

*19 

12512 

451 

422 

•19 

12090 




26*8 


Field 7 


Free- 

dom 

Vari- 

ance 

elimi- 

nated 

Percen- 

tage 

variance 

elimi- 

nated 

298 

297 

296 

295 

294 

40532 

2244 

1999 

91 

308 

70*98 

3'93 

3*50 

*16 

*54 


Residual 

vari- 

ance 


16572 

14328 

12329 

12238 

11930 

40 ^ 


BELATION OB’ YIELD TO OTHER GHARACTBES IN OPO(? OF HIT M WT 

It fe seen that by far the greater proportion of variance is accounted for by the 
circninferejjce of head, and that when once this is included the other characters 
play only a very small part in the determination of yield. Although by compari- 
son with the mean residual variance the variations due to the length of head and 

diameter of peduncle appear significant, their relative contribution is of a small 
order. Equation (1) with only circumference of head can thus be taken as a fair 
indication of the yield. If any more accuracy is required equation (3) comprising 
length of head can be included, from its consistency of behavior in the two fields. 
The inclusion of diameter of peduncle is justifiable in Field 7 but not in Field 2-B. 
The j)rimary factor associated with yield in the plant is however the circumference 
of head. 

Discussion. 

Patel and Patel [1929] working on Bombay jWars find generally positive corre- 
lations of yield with a number of characters within the same types, but annual fluc- 
tuations were noted in the figures. In the present studies the corielation between 
difierent strains has also been included, in addition to the independent contribu- 
tion, from multiple regression studies, of the several characters. Many of the 
relationships are similar in the pacha jonnas and the Bombay jowars, but excep- 
tions occur. In the Nandyal types for example the contribution of the circum- 
ference of head is relatively higher, than the other characters. The effect of length 
of rachis, which was found to have positive correlations in the Bombay types, 
could in the present studies be subdivided into a positive contribution from the 
length of head, and a slightly negative or insignificant relation from the length of 
peduncle. There are also other differences in the magnitudes of the correlationB 
which are probably associated with varietal causes. The conclusion from the 
present studies is that the factors contributing to the yield of the plant come from 
the size characters of the head, especially the circumference of the head. In the 
case of the other characters although the original correlations are high, the inde- 
pendent contribution is of a small order, being positive for length of head and 
somewhat variable in others. Since these relations occur in a similar form from 

type to type, selection on the basis of these characters is justified. As however the 

yield of the plant (weight of the head) is itself an easily measurable character, the 
importance of the others are not of much practical application when the heads 
themselves are available for examination in the laboratory. But in the first year 
of selection w^hen extensive sorghum surveys are made and material is to be 
gathered from a great variety of places and conditions, a judicious attention to 
these characters will include most or nearly ah the factors contributing to yield. 
In this connection the choice of stout and long heads with thick peduncles and an 
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emergence not mncli Tbeyoiid tlie required limits, is indicated. Wlien we remember 
tkat the mnltiple correlation of yield on inclusion of these characters is so high as 
0*9724 and 0*8902, their importance in yield studies is apparent. 

Causes of the yield eelations. 

The above relationships haYC been deteimincd from correlation studies ; but 
it is well to remember that the correlation coefficient is an index of the proportion 
of causes common in the genesis of two variables to the total [Bowley, 1920] and not 
the causes themselves. It will therefore be of interest to find the real nature of 
these basic inflnences. Some indications in this connection are given below. 

The first factor is field variation. It has already been observed that the 
relationships difier markedly in sign in the two fields as with emergence or diameter 
of peduncle. In other characters the magnitudes of the correlations were found to 
differ. For example the more variable Field 2-B (0^=22 •024 as against 13‘720 
grms. in Field 7) has produced the greater intensity of correlation in all characters 
(Table 1). This in itself is an indication of environmental effect. Another source 
of variation was in border influence. The difference between the meanofend- 
border plants and the centre ones in the two line rows for 34 selections were as 
follows: — 

Table 11. 


Mean difference between end'lorder plants and centre ones in ijie several characters. 


Character 

Mean difierence 
(border-centre) 

1 

S. E. D. M. 

Value of 

P (Fisher) 

Weight of head 

12-258 

1*905 

<*001 

Length of head 

0*7030 

0*1127 

<*001 

Oircumference of head 

1-278 

0*1764 

<•001 

Diameter of peduncle 

0‘04917 

0-00945 

<*001 

Height of plant 

—2*430 

2*103 

Not significant 

Length of peduncle ^ 

—0*5250 

0*5288 

Do. 

Emergence 

—1*389 

0*6039 

*03 


It will be seen that border plants have given a very pronounced increase in 
the weight of the head, length of head, circumference of head and diameter of 
peduncle, and a small, but significant decrease in the emergence. The height of 
plant and length of peduncle are unaffected. As the spacing between selections in 
this case w^'as so high as six feet, the border effect noted is really the effect of end- 
border over an already existing Ime-border influence and should be much greater 
than was observed. This effect of border is also to make for correlation of yield to 
the other characters in the paanner ^hqve indicated, 
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A third source of variation was noted as the residt of maniirial treatment 
It was f ou nd that in the cattle-manure plots and in the plots receiving a combina- 
tion of cattle manure and artificials the jfiants were taller and the earheads bigger 
and earlier than in the ‘ no manure" controls. Although no measurements were 
taken, the differences were of a pronounced type and were further noted in all the 
six replications of the treatments. Here also the effect is to increase the correla- 
tion. 

It can be concluded from the above that field variation, border effect and manu- 
rial responses are all en^?ironmental influences, associated with developmental varia- 
tion, which tend to increase the correlation of yield with other characters from plant 
to plant. Beside these, genetic forces also operate in the relationships, as the 
correlations between strain to strain have demonstrated (Table I, Column V). It 
is variation of the latter kind that is of practical interest to the plant breeder and 
provides for help in yield studies. The above observations have definitely iridicat- 
ed that genetic variations are likely to be considerably masked by environmental 
influences. To eliminate such effects, the obvious course for the plant breeder will 
be to grow his original types in poor fields of low variability without manure, and 
to give free play to the heritable forces that make for the yield. Selection made 
under such conditions is likely to be more successful in maintaining yields for the 
future. 

Summary. 

1. Judged by their relation to the weight of the head from plant to plant, the 
characters — circumference of head, diameter of peduncle, length of head, and height 
of plant— are positively related to yield in the order of importance. The emergence 
shows a negative relationship. 

2. The relation is also true from type to type but in this case the correlations 
of circumference of head and diameter of peduncle are reduced, while the emer- 
gence and length of peduncle show negative effects. The height of the selection 
and length of head however were found of no significance. 

3. The relations of circumference of head, length of head and diameter of 
peduncle to the yield were found nearly rectilinear, showing a proportional increase 
or decrease of w’^eight of head along with changes in these characters. The regres- 
sions of height of plant, emergence and length of peduncle were more complex. 

Plants with very high emergence or length of peduncle tended to produce very 
small earheads. 

4. Judged by their independent contribution to yield the circumference of head 
showed the greatest relation with it, while the effect of other characters is either 
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variable from field to field (diameter of peduncle, height of plant or .emergence) 
or of a small order (length of head). 

5. The equations of yield expressing it as a function of other characters have 
also been presented. The circumference of* head gives a fairly close indication of 
yield, and to a smaller extent the length of head. 

6. It is shown that part of the relationship noted is the result of development- 
al variation associated with environmental causes as differential field effect, border 
influence cr manurial response, which are likely to mask the effect of genetic varia- 
tion between one strain and another. The necessity of selecting original types 
from uniform, unmanurcd fields is indicated. 
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THE MOSAIC DISExVSE OP TOMATOES. 

BY 

S. V. DESAI, B.So., Ph.D., D.LO. 

Imperial Institute of AgricuUtiral Research , Pusa. 

(deceived for publication otx 10th October 1932) 
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1. Descbxption of the disease and the method of the isolation of the 

% OATOATIVE PKINCIPLE. 

In December 1931 many tomato plants in Pusa showed symptoms of a type of 
mosaic disease. The plants were stunted. The leaves were small, crinkled, 
deformed and showed distinct patches of yellow markings. Necrosis occurred in 
very small patches on mature leaves. The disease first made its appearance on the 
young leaves just emerging ; the leaves that were mature at the time when the 
disease was just manifesting retained a healthy appearance, but the leaves that 
were not quite mature showed mosaic markings later on. There were no lesions on 
the stems, petioles, or fruits. 

Many attempts were made to isolate the organisms that might possibly be 
present in the diseased tissues. For this purpjse various tissues were treated with 
1 ; 1000 mercuric chloride solution for 10 minutes in vacuum, they were then washed 
with sterile water and crushed. Large amounts of the suspension from the crushed 
tissues were used for plating on various nutrient agars, namely, tomato extract 
agar, nutrient agar and marmite mannite agar, but no growth occurred on these 
plates. Hand sections of the stems and leaves showed no organism in the tissues, 
and the examination of the juice of the diseased plants also gave a negative result. 
The repeated failure of isolating any organisms, the appearance and the nature of 
the symptiims pointed to a virus as the cause of the disease. 

Portions of the sterilized and washed diseased tissues were crushed in tomato 
extract broth and incubated for one week at SO'^O. No growth was observed in 
these tubes and the tissues appeared sterile. The incubated broth w’-as filtered 
through a sterile filter candle assembled as previously described [Desai, 1932]. 
'This filtrate was used as a stock material of the vinis causing the disease. 
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ll. Study of the action of the vibus filtbate on some of the soil j 

OBGANISMS. 'i 

During tlie course of investigation designed to determine tlie nature of the 
infective principle present in the virus of tomato mosaic, Bewley [1931] obtained, 
a bacterial growth shov^ing various degradation forms. At the same time a 
bacteriophage dissolving these organisms was also isolated from the diseased tissues; ,i 

The action of the bacteriophage was not very marked because the organism^, 
seemed to have acquired a kind of resistance, owing to their long association with 
the bacteriophage and showed lysis when the organisms were first freed from the 
bacteriophage and the purified bacterial culture was used for showing the action 
of the bacteriophage. As Bewley repeatedly obtained the same type of bacterio- 
phage from various isolations from diseased tissues, he has suggested that the 
principle causing the mosaic disease of tomatoes is of the bacteriophage type which 
at first enters the plant with the organisms, it parasitises under natural conditions, 
and finally becomes adapted to the life within the tissue of the tomato plant and 
causes the symptoms associated with the mosaic disease. 

It was therefore decided to investigate whether the tomato disease virus 
prepared by us acted as a bacteriophage on some of the organism present on the ^ 

tomato plants and in soil. 

Some tissues of the tomato plants afiected with the mosaic disease were 
crushed without sterilization in nutrient broth and incubated for 16 hours. The 
cloudy suspension of the tissues was plated to obtain pure cultures of the 
organisms which were present on the tomato plant and had developed on incuba- 
tion in the broth. Five organisms, Tito T6, were selected from the plates for 
testing the action of virus on them. 

Young cultures of the organism were suspended separately in tomato extract 
broth and 0*2 c.c. of the stock virus filtrate added ; the suspensions were then 
incubated at 30‘^C. for five days. They were examined every day to see if there was ij 

any dissolution of the organisms by the virus acting as a bacteriophage. They were 
filtered then through a sterile Chamberland L3 filter candle and 0‘2 c.c. of this filtrate 
was again added to the fresh suspensions of the young organisms. Serial transfers 
were continued, repeating filtration and addition into fresh suspensions of the 
young organisms at every transfer. In this way 10 serial transfers were made, but 
the action of the virus bacteriophage was not manifested in the extract. These 
serial transfers were carried out in the hope that the slight initial virulence which 
the virus may have for the organisms may get enhanced by serial passages 
and become demonstrable by lysis of the cultures in the end, but as no sign of 
lytic action of the virus as a bacteriophage was visible, further serial trausfers were 
discontinued. 
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Twenty-foiir representative colonies of the soil organisnjs were obtained by 
planting the soil suspensions on Thornton and synthetic agar and transferred to 
agar slants. The action of the stock virus filtrate by serial passages was tried but 
showed no dissolution of their suspetisions, nor was the growth affected in any other 
way by the bacteriophagic action of the virus. 

The following laboratory stock cultures of different known soil organisms were 
then selected for studying the action of the virus as a bacteriophage 


L Azotohacter. 

3. Eadiobacter. 

5. B, subtilis. 

7. B, mesentericm, 
9. B. coli. 

11. B, pyocyaneus. 


2. B. mdicicola, 

4. B. megatherium. 

6. B, albolaetis. 

8. B. mycoides. 

10. B. prodigiosus. 

12. MicTOGoccus auriom 


Five serial passages Avere made as previously described by inoculating 0*2 c.c. 
of the stock virus filtrate into the fresh suspensions of the respective organisms, and 
filtering through L3 filter candle after incubating for 6 days. 

The dissolution of the organisms by the virus bacteriophage was not perceptible. 
Some of the broth cultures of the spore-forming organisms have a tendency to clear 
by flocculation of their growth after a certain time and occasionally it was observed 
that the suspensions receiving the virus bacteriophage became clear a day or two 
earlier than the control suspensions. But this could hardly be taken as a definite 
evidence of the action of the virus as a bacteriophage, because the phenomenon was 
irregular and did not increase in intensity with successive passages carried out for 
the enhancement of virulence. Plates were poured to see. the plaque formation, 
hut the presence of the bacteriophage could not be established as only pin point 
colonies developed instead of a uniform spreading growth of the organism both in 
the control and virus plates. 


III. Isolation oe oroanisms fbom the uiseased tissues and their 

PURIFICATION. 

Fresh attempts were made to see if any organisms developed on special media 
after prolonged incubation, by planting the sterilized diseased tissue without crush- 
ing, directly on the medium. 

For this purpose stems of the diseased plants were very thoroughly sterilized 
in 1 : 1000 mercuric chloride at 37 ^C. under vacuum for 10 minutes. The tissues were 
repeatedly washed with sterile Water and transferred to a sterile Petri dish, and after 
cutting them -lengthwise with a sterile scalpel they were planted on to the slants 
of tomato extract agar and incubated. The period allowed for incubation was 




PLATE XLV* 


Fig. 2. — Magnified portion of the growth ( X 12), 


1. — Growth surrounding 
the diseased tissue on 
tomato extract agar slant 
(X2). 
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miiclTlongei* than that usually allowed for isolation of bacteria from plants affected 
with bacterial diseases. The tomato extract agar was prepared as follows 

Twenty-five grams of green healthy tomato tissues were cut fine with scissors 
and heated with 1000 c.c, of water for 30 minutes in a sterilizer at 100 ®G. 

The following ingredients were added to the filtered extract : — 

0*5 grm. > . . . . . . K 2 HPO 4 

: . ■;.:MgS 04 .:;:;. 

. . . . Mannite 

Marmite 

■ . Agar' . 

This mixture was boiled till agar was dissolved and made up to 1000 c.e., filtered, 
and the reaction was adjusted to pH 7*8 by addition of 1/10 KaOH. For tomato 
extract broth the same ingredients except agar were used. The medium was finally 
sterilized at 120°C. for 30 minutes. 

The agar slants on which the sterile stems of the diseased tomato plants were 
placed were sealed and incubated at 30°C. for a long time. Some tubes showed 
growth after a week and some after a month. The growth was of the same kind in 
every case (Plate XL\ ) . The characteristic of the growth was that small circular, 
clear spaces were visible in the growth and that the growth appeared evenly sur- 
rounding the tissue. The clear transparent dots were more numerous round the 
tissue and were little scattered in the growth further away from the tissue. The 
growth from these tubes on plating showed almost pure cultures of one single type 
of organisms. Transfers were made from six isolated colonies in the plate on 
tomato extract agar and on nutrient agar slants. The colonies in the plate as well 
as the growth on the agar slants showed pellucid dots in their growth. The 
organisms from these cultures were repeatedly phated but it was found impossible 
to eliminate the formation of these circular transparent areas. 

The appearance of the circular transparent areas was first considered to be due 
to the association of a bacteriophage with the organisms, as these clear areas re- 
sembled plaques formed by bacteriophages in bacterial cultures by dissolution of 
the organism. Repeated attempts were made to free the organism^ from this 
associated bacteriophage. 

They are here described in succession 

1 . Repeated platings and taking inoculum from a margin of an isolated colony- 
yielded no result. The cultures continued to show clear transi>arent areas as 
before, the number of such areas remaining approximately constant. Attempts 
were made to take an inoculum from a giant isolated colony from a part which was 
well covered with uniform growth and away from any clear area, But on further 
cultivation this too developed the same kind of growth. 
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2. As tMs metliod for obtaining ultra-pure cultures of the orgauisins failed, 
attempts were made to grow the organisms in media rich in sugar as recommended 
by Dl'lerrelle [1926] for eliminating bacteriophages from the cultures of contamina- 
ted organisms. Media with amounts of different sugars varying from 0*2 to 2 per 
cent, were made up (mannite, glucose and sucrose were used). The number of 
clear transparent dots supposed to be representing the bacteriophage particles 
could not be completely eliminated, though it was noticed that in agar with 2 per 
cent, glucose and sucrose the number of clear dots were less than that in agar with 
sugar in lesser concentration. Repeated plating as well as growing in broth of 
similar composition did not prove of any use. 

3. Sugar and other media with different H-ion concentrations were then tried. 
Tomato extract broth was adjusted to pH values 4T, 4‘9, 6*1, 7*0, 7'6, and 
solidified with 2 per cent, addition of agar. Cultures of two strains Tb and Tx 
were plated on the agar of different pH values. It was found that the colonies on 
agar with a pH value of 7*0 showed the largest number of plaque-like clearings in 
them. The clearings were large in size in comparison with those in colonies on 
agar of other pH values. Agar of 7*6 pH value gave next higher number of 
plaque-like clearings followed closely by agar with pH value 6*1. The number 
of plaque-like clearings in agar of pH value 4*9 and 4*1 were not so numerous. 
This was observed to hold good for both the strains, Tb and Tx. Even repeated 
plating in these acidic agars did not however eliminate the bacteriophage from the 
organisms. The organisms were then cultivated for four generations in broth with 
an acid reaction of pH 2*9 and then plated on the acidic agar of pH 4*1. Selected 
colonies were replated but the transparent clearings still persisted though in smaller 
numbers. 

4. Organisms were next grown in bile extract media for 3 generations being 
plated on acidic agar between each generation. The colonies which finally de- 
veloped did not show the transparent plaques prominently, but very minute dots 
still persisted which on further cultivation assumed normal size, probably due to the 
adaptation of the culture to the changed circumstances. 

5. It was thought that more drastic treatment was necessary and as the 
organism was a spore-former, it was proposed to heat the culture and plate the 
spores that remained viable. A suspension containing a few spores was heated on 
a water-bath to a temperature of 100°0. for 20 minutes. The heated suspension 
was then plated. Ho plaque-like clearings could be observed in the few colonies 
that developed on these plates in the beginning, but as the colony grew large, 
minute pin-point-like clearings were manifested, and on subculturing this growth , 
the plaque-like clearings increased in size and numbers and after three traa sfers, 
the clearings assumed the same appearance as they had before the treatment, the 
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repetition of this treatment on each successive growth obtained direct from heated 
spores failed to eliminate the clearings. Similar behaviour of the bacteriophages 
to persist in spores and resist the high temperature has been observed by Cowes 
[1931] in case of bacteriophages of spore-formers, B. anihmcis and B. magathmum^ 
and it was believed that in this case too the bacteriophage could not be 
eliminated. Thus all attempts so far tried have failed to give ultra-pure ciiltures 
of the organisms. No progress could be made with the study of bacteriophage 
supposed to be associated with the organism, as an increase in the virulence of the 
bacteriophage could not be brought about. 

IV, Action of the virus filtrate on the organism found in the 

DISEASED TISSUE. 

The action of the stock virus filtrate on six strains of the organisms isolated, 
as previously described, from the diseased tissues was studied. 0*1 c.c. of the stock 
virus filtrate was added to the fresh suspensions of all the six strains separately, to 
see the effect on the growth of the organisms. The tubes receiving the viriLS- 
bacteriophage showed slight limpidity, denoting the dissolution or flocculation of 
the organisms. The tubes showing this clearing were filtered through sterile filter 
candle and 0*1 c.c. of the filtrate added to the fresh snspensions of the young 
organisms of all the strains separately. Four serial passages were carried out in 
this way, but as no difference in the behaviour of the virus bacteriophage could be 
detected with different strains, one strain Tx 3261 was ultimately used for all 
further serial transfers and inoculation experiments. The past history of the strain 
would be of interest in view of the successful inoculation experiments and is given 
below. 

Culture of the organisms isolated from diseased tomato stem 

1. Plated three times (picking selected colony). 

2. Plated twice on 2 per cent, sucrose (picking selected colony). 

3. Plated on acidic agar twice (picking selected colony). 

4. Cultivated in bile extract broth for three generations with plating on 

acidic agar between each generation. 

5. Spores heated three times and transferred on tomato extract agar several 

times. At every serial transfer the suspension was made from 

24-hour old growth on agar slant. 

Twenty serial transfers of the virus-bacteriophage were carried out. 

The dissolution of the organisms by the virus-bacteriophage was not very 
apparent. Nor was the virulence of the virus-bacteriophage found to increase with 
successive passages as measured by the amount of clearing of the suspensions. It 
may be considered that as the organisms were associated very closely with a bacterio- 
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phage which may be the viriB principle, in its cnltnre, the viras-bacteriophagc conld 
not make its headway to upset the symbiosis and attain enhanced virulence. The 
filter candle filtrates obtained during the serial transfers showed a secondary growth 
of the organisms after some time. 

The apparent non-dissolution of the broth cultures, the uncontrollable constant 
plaque-like formation which did not increase on addition of filtrate supposed to con- 
tain bacteriophage, and a consistent growth of the same organism in the filter 
candle filtrate make us hesitate in affirming the virus as a typical baeteriojhage, 
but incline us to the view that the virus is a filterable cyclostage in the life-history 
of the organisms. 

Incontrovertible proofs of the existence in the developmental history of common 
bacterial species of definitely filterable stages have been given by various recent 
workers, [Hadley 1931]. The develpment of a pleomorphic and capricious culture 
when a diseased tissue is placed upon moist agar surface on prolonged incubation 
lead us to suppose that from the virus stage slowly and steadily visible G. type of 
growth is being evolved. The plaque-like clearing being the place where culture is 
in virus form. 

The growth of the same organisms from filtrate of L3 to L13 filter candles spe- 
cially tested for being impervious to becteria confirm us in this supposition. 

Appearance of the same type of growth coming out from the diseased tissues in 
the sealed agar tubes after a long time, say 15 days, would point to the organism 
as developing from virus to visible stage, as any contamination or bacteria occurring 
in the tissue would show growth soon after incubation, say in 72 hours at the most, 
and is likely to be diflerent in different culture tubes. 


V. Inoculation experiments and the symptoms of the disease induced. 

A number of different organisms have been described as avssociated with, or as 
causing one or more virus diseases of plants. Most of these claims have been based 
on cytological data and have been either disproved or have remained unconfirmed. 
Few workers who have been able to cultivate organisms on artificial media have not 
obtained conclusive results in their inoculation experiments [Bewley, 1923 ; Nelson, 
1932]. 

Uniformly successful inoculation experiments by previous investigators of pro- 
ducing the mosaic disease by inoculating the plants with a culture of any of the 
organisms found associated with the diseased tissues, have been lacking, and in the 
light of the accepted views about the agents of the virus diseases any such claim is 
subject to grave doubts. Since we found one type of the organisms consistently and 
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intimately associated with the diseased tissues, it was proposed to inoculate plants 
with a suspension of the organisms inoculated with an amount of virus diluted to 
such an extent as to exclude the possibility of producing the disease by the direct 
action of the diluted virus on the plants and also to secure evidence of the virus 
multiplying on or with the organisms in vitro, simulating the action of a bacterio- 
phage,':' 

The detailed procedure of obtaining the inoculums would clearly show how the 
extreme dilution of the stock virus filtrate has been arrived at. 

Ten c.c. of the suspension of the organisms Tx 3261, whose past cultural history 
excludes any possibility of the virus being carried in its culture except by being 
associated like a bacteriophage in spores and growing with the organisms, w^as in- 
oculated with 0*1 c.c. of the stock virus filtrate from the diseased tomato plants. 
After incubating the treated suspension for 5 days at 30^0. it was filtered through 
sterile filter candle ; and 0*1 c.c, portion of the filtrate thus obtained w'as inoculated 
into a fresh suspension of the 24-hour old culture of the organism Tx 3261. This 
process of filtration and inoculation in a fresh suspension was repeated serially . It 
will be seen that with each serial passage the virus of the original inoculum con- 
tinued to be diluted in the supensions of the successive serial passages to 100 times 
in geometric progression. 

All materials used for making serial passages were scrupulously sterilized. 

The first inoculation experiments w’ere conducted with the suspension of the 8th 
serial transfer. The concentration of the stock virus filtrate in this suspension was 
1X10*^^ of a c.c. This represented a dilution of 1 : 10^^ of the juice of the 
diseased tissues, (as in the stock virus filtrate the plant juice is diluted ten 
times) far outside the possibility of the infective dilution of the original 
inoculum, because the dilutions beyond 1 tlO^have failed to produce disease iii al- 
most all cases of mosaic virus inoculations, as established by the previoUvS investiga- 
tors [Henderson Smith, 1928 ; Allard, 1916 ; Doolittle, 1920]. The infective- 
ness of the inoculum of the 8th serial transfer could only be produced by the multi- 
plication of the mosaic virus with o%at the expense of the organisms. 

The inoculations were made on selected young and healthy plants 16 in. high in 
glazed pots fMato XLVI). The inoculum was introduced by scratching the leaves 
with fine needle pricks dipped in the inoculum. Hands and all material used for 
inoculation w^ere sterilized just before inoculating. Two plants were inoculated with 
the suspension of the eighth serial transfers and twD other plants with sterile water as 
control. The signs of the disease began to appear after 10 days in young leaves and 
shoots of plants inoculated with the suspension. The leaves began to crinkle a)id small 
yellow mosaic areas began to appear on them. The stunting of the internodes became 
evident. These symptoms developed gradually and the difference in the growth of 
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the control and diseased plants 'became quite marked. Six weeks after inoculation 
the difference in height of the experimented plants showed this 'beyond doubt - 


1. Control 

2 . 

8. Inoculated 
4. 




The pots were kept side by side in the open in the experimental field and the 
control plants remained quite healthy till the end. 

Second series of inoculations were carried out with the suspension of the 16th 
serial transfer. This represented a dilution of 1 : of the original stock virus 

filtrate inoculum. 

A number of young tomato plants were kept under observation for a weekj at the 
end of which period eight healthy plants w^ere selected for the experiment. Four of 
these plants were inoculated with the suspension of the 38th serial transfer and 
other four with sterile water as controls. One of the plants inoculated with the sus- 
pension 15th serial transfer began to show the usual signs of the disease after seven 
days and the type of the disease produced was very severe (Plate XLVII), The 
plant remained very stunted and show^ed all typical signs of the virus disease. The 
height of the plant increased only one inch after the inoculation. One other plant 
of the inoculated series show'ed distinct signs of the disease a fortnight after the in- 
oculation. The symptoms were quite typical but the disease did not assume a severe 
form as in the case of the previously described plant. 

The third plant of this series also showed the symptoms of the disease, but hero 
again the disease was mild and appeared comparatively late. The fourth plant of 
this series failed to show any marked sign of the disease though small mosaic-liko 
discoloration could be seen by holding the young leaves against the light. As a dis- 
tinct sign of the disease, the mosaic colouration without stunting is left out of con- 
sideration for the present. All the control plants which were kept side by side were 
healthy. The heights of the control plants as well as that of inoculated ones befora 
inoculations and six weeks after the inoculation are given below and show the effect 
of the inoculation quite clearly : 


Before inoculation. 

1 12-in. • 

2 12-i 

3 13-i 

4 l3-i 


GontroL 


2- in. V 

3- in. ; 


6 Weeks after inoculation. 
24-in. 'v 
27-in. I 


244n. 

25-in. 


- 25-in. 


Inoculated, 


Before inoculation. 

1 14.in. ^ 

2 14-in. ( 1 A .K • 

4 IS-ilLj 


6 weeks after inoculation. 
15-in. ■> 

17-m. f n-in. 
19-in.) 

25-iu. 
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i Tlie tMrd inoculation experiment was conducted in cages, at a distance from 

the field where tomatoesAvere growing and as such the possibility of the disease being 
borne by insects to the inoculated plants from, other diseased plants was reduced to 
a minimum. The cages Used were not absolutely insect-proof but for the purpose 
of these experiments where the infection could be carried only by a very selective 
group of insects, there can be no exaggeration in considering the cages insect-proof 
as the possibility of the disease being caused through insects was excluded. The 
plants available for this inoculation experiment were not very young as the season 
favourable to the growth of tomatoes was coming to an end. Four selected plants 
were put in the insect-proof cages and kept under observation for 10 days so as to 
exclude the possibility of disease being present in a latent form during the period 
' of incubation after contraction. 

Two plants were iiociilatcd wuth the Fuspension of the 22nd serial transfer. 

This represented a dilution of 1 : 10^^ of the original stock virus filtrate inoculum. 

I Unfortunately a few days after the inocnlation a heavy wind storm upset all the 

cages and these plants were slightly injured and one of the control plants died after 
this accident. The symptoms of the disease were very late in appearing which 
may probably be due to the plants being mature and the unfavourable weather 
I conditions for inoculation experiments. Up to three Weeks the plants were 

examined daily for the appearance of the disease but during this time no definite 
sign of the disease was apparent. The appearance of the disease wm noted w^hen 
^ the plants were examined nearly six weeks after the inoculation. The inoculated 

: plants had taken the disease and had remained stunted in comparison to the 

I control plant. The leaves were puckered and reduced in size with slight mosaic 

markings. Under the cage conditions the control plant had growm very tall and 
thin, the height reached being 48-in. The inoculated plants were 27-ia. and 21 -in. 

I high only. The stunting was very marked and showed beyond doubt that the 

I inoculation had produced the disease and symptoms other than stunting had not 

developed prominently. The large increase in the height of the inoculated and 
control plants may be attributed to the plants receiving an added stimulus for 
; growth in height by insufficient lighting condition of the cages. ’ 

Attempts to isolate the organisms from the inoculated plants were made. 

Besides the leaves which were inoculated, the stems and the petioles of unin- 
I oculated leaves were almost invariably found infected with the same organisms, 

I when these tissues of the diseased plants were placed on tomato extract agar after 

} sterilization with 1/1000 mercuric chloride solution and subsequent washing with the 

: sterile w^ater. The leaves of the diseased plants often failed to give grow^th of the 

organisms, probably owing to the penetration of mercuric chloride solution into 
the inner tissues during sierili^ation with 1/1000 chloride solution at 

- ' ■ ^ ■ ' 

I ■ ■■ ' ' ■ ■■ ' ■ ■ ■ ■■■■'■■ ■ ■■■■ 
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37°0. in vacuum. No organisms could be isolated from the stems and petioles of 
leaves of the control plants after similar treatment, although the incubation was 
continued on for over two months. 

The occurrence of the organism in the diseased tissues without exception and 
their absence from' the healthy tissues leads us to think that the organisms are in 
some way connected with the production of the disease in tomatoes and that the 
appearance of the growth of the organisms when the diseased tissues, after sterih 
ization, are put on to agar slants, cannot be put down to; any faulty technique. 

VI, Morphological CHARACTERISTICS AND biological reactions. 

The organisms isolated appeared to be pleomorphic and capricious in growth. 
Sometimes direct slants from the culture failed to shov visible growth and some- 
times it showed irregular patchy growth. The size of recently isolated cultures 
varied from 0*1 to 0*3 p in thickness and 0*5 to 2*5 p in length. There were many 
very fine granules in the culture which appeared distinct from well-defined 
organisms. The granules were deeply stained by ordinary stains, and could not 
be well differentiated from the stain precipitates. With giemsa and borrel stains 
the granules appeared very finely stained but in matter of shape could not be 
definitely said to be different from stain precipitates and could not be distin- 
guished as living entities. Accidentally a preparation wrs made with Zetnow's 
flagella stain and it was very interesting to find these smair granules having a 
well-defined flagella, ; This proved beyonff doubt that they were living entities 
having an ultra-microscopic size (Plate XLVIII). ' 

At first the pleomorphism led us to suspect that we were dealing with a 
mixed culture but following reasons led us, to believe in the uni city of the 
organisms. 

L Cultures obtained from spores showed the same characteristics, 

2. Eepeated spore heating and plating revealed only one type of colonies 
and all show the same type of growth and same pleomorphisms when grown 
after filtering an old suspension through a filter candle. 

3. Growth in different media and at different pH values failed to show hetero- 
geneity of the cultures. 

When the recently isolated organisms were cultivated for some time on ordinary 
agar b}- repeated transfers, they assumed a constant and well-defined form con- 
sisting mainly of quite large rods 0*5 to 0*7 p in breadh and 1*0 to 4*6 p in length. 
The protoplasm -was granular and showed presence of small refractile substances. 
The spore formation was obseryedf to occur very early ; even a 24-hour old culture 
showed nothing but spores. ; . ; . 


PLATE XLVra 
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If an old suspension of the stable organisms was filtered through a sterile 
filter candle, the filtrate on inctibation showed a growth of minute granular 
organisms after 2 days or more. The time taken lor the growth to develop varied 
considerably and sometimes a growth developed in a sealed filtrate tube after 2 
months or morer The organisms that developed from the filtrates resembled the 
organisms just isolated from the diseased tissues in showing pleomorphism and 
capriciousness with delayed spore-formation. 

of the spores was usually not greater than the 
organisms from which they arose although a slight bulging was noticeable in some 
organisms just forming spores. The protoplasm did not remain attached to the 
spores. The spores were oval in shape, one end being more round than the other 
and measured 0‘5 x 1*2 p. 

Flagella ,— organisms Were actively motile in young cultures ; recently 
isolated cultures which did not form spores readity remained motile for a fortnight 
or more. The distribution of the flagella was found to be peritrichic. 

Gmm Ato'n.— The stable forms of the organisms were gram positive but 
the culture recently isolated from the diseased tissue did not retain the gram 
stain.' 

Growth of the organisms on nutrient agar slants was abundant/ thick and 
mealy. The colour of the growth varied from pure white to dirty brownish grey 
and showed many pellucid dots surrounded by slightly raised rings. 

The stab cultures showed growth along the entire line of the stab with much 
spreading at the top into amaiboid colony. The colonies on agar plates were round 
and raised though at times spreading colonies developed specially w^hen agar surface 
was moist. ■ ■ ■ 

The colonies which were embedded in the agar were stellate and the colonies 
that d eveloped at the bottom were veiy thin with a large number of well-defined 
clear plaques. 

Gelatin stabs , — ^Uniform growth along the entire line of inoculation occurred 
in gelatin stabs with liquefaction along the growth. The complete liquefaction took 
place in 48 hours. 

Potato, — Thick, greyisb Avhite, mealy growth occurred which became yellowish 
with discoloration of the potato. The growth spread rapidly and appeared moist 
and mealy. 

Litmus milk , — Peptonization began early and progressed rapidly. Slight zone 
formation was noticed with a yellowish top layer, a deep blue middle layer and a 
light blue bottom layer. Peptonization continued till all the milk in the tube was 
converted into a yellowdsh fluid wdth a little sediment. Sometimes a slight co- 
agulation was noticed which disappeared with peptonization, 
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. Simple milk tubes showed rapid peptonization and a slight coagulation which 
soon disappeared. The clear ring of the peptonized milk, which was a very lightly 
coloured yellow, was observed at the top. 

Fermentation of sugars . — Glucose and sucrose were fermented without any gas. 
The reaction of the glucose medium changed from pH 7'2 to pH 6'6 and that of 
sucrose from pH 7‘2 to pH 5'9. The growth became agglutinated and ■ivas precipi- 
tated into clusters. Lactose was also fermented without gas. 

The growth was not very intense and it was found that the reaction changed 
from neutral to acidic and again to alkaline. H-ion concentrations were determined 
and it was found that the reaction of the medium, which was 7*2 pH, changed to 
6'8 pH in 48 hours and became 7‘9 pH after a week. 
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I (With PJate XLIX.) 

I Introduction. 

I While giving a general account of the structure of the eggs of locusts and grass* 

hoppers, Uvarov [1928] states : — 

'‘At one end of the egg (the upper one when the egg is in the normal 
I ■ position in the ovary of the female or in the egg-pod), there is a small 

tubercle of a darker colour, with numerous very fine pores in it, 

; through which the spermatojzoa enter the egg during fertilization ; 

this group of pores corresponds to the so-called micropyle in the 
chorion of the eggs of other animals. 

“ The end of the egg bearing the micropyle is directed downwards and 

j backwards (in the ovary), and the same position is preserved when the * 

egg IS in the egg-mass."^ 

This statement led us to undertake the study of the position and structure of 
I the micropylar apparatus in Forsk. For comparison and con- 

firmation, a general survey of the micropyle in some of the principal sub-families of 
i the Acridiidse was undertaken. 

The following species have been studied : — 

Sub-family Tryxalinse : — 

Acrida sp. 

Acridella sp. 

Sub-family Oedipodinse :— 
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' " Pmciheenis fkius ’^, 

CJiTotogomiswhertsi"^^^ 

Sub-family Catantopinse :— 

SclmtocemtgTegmia'Por^. 

Hieroglyflitts nigrorepletus 'Bo], 

HieroglyphodeshiliMatm G 

Leu ckart [1855] gave a comparative account of the mieropyle of insect eggs. 
Of the Acridiidse he studied Oedipoda coemlescem (sub-family Oedipodiiiin), and 
Gomphocefus Uneatus, G, 2 gutfaius and G, ^ariabilis (sub-family Try xalina^). 
Korschelt [1884 and 1887] explained the origin and development of the micropylar 
canals in the Tettigonidse. Kmickel de Herculais [1893-1905], in his figure of the 
egg of Schistccerca gregana, indicated the position of the micropylar canals. Ilienko 
[1930] has shown a similar structure in his figure of the egg of Gompkoeems sihi- 
ricus L. 

Mieropyle of Schistocerca gregaria Forsk. 

The egg oi Schistooerea gr^mia Forsk. (Plate XLIX, fig. 1) is slightly curved, 
more or less cylindrical and tapers towards both ends, which are rounded. Accord- 
ing to the Uvsually accepted definition [Imms, 1930], the pole of the egg which is 
cephalad when the egg is in the ovary or in the egg-calyx (and towards which the 
head of the embryo is finally directed) is the anterior pole. It is this pole which is 
upper, or nearest the mouth of the burrow, when the egg is in the soil. This pole 
is narrower than the opposite or posterior pole, which is slightly flattened. Tlie 
posterior pole is caudad when the egg is in the ovary, or in the egg-calyx, and lower 
or away from the mouth of the burrow vyhen the egg is in the soil. 

' It is near the posterior pole that the micropylar apparatus, which consists of a 
complete ring of canals, is situated* [Uvarov, 1928]. ' Each micropylar canal is an 
elongated, funnel-shaped, narrow, chitinous tube running longitudinally towards the 
posterior pole of the egg. The mouth of the funnel appears on the surface of the egg 
as an oblique, shallow depression. The canal eontinues towards the posterior pole as 
a tube which is oval in cross-section (Plate XLIX,- figs. 4 and 5), and becomes 
narrower as it goes inwards and backwards. It traverses the vitelline membrane 
and finally opens into the interior of the egg by means of an extremely fine opening. 
The number of the micropylar canals varies and so does the length of the individual 

^ For insects in general, Hennegay [1904] and Berlese [1909] state that the mieropyle may he 
sitnated either at the anterior or the posterior pole of the egg ; while Depdolla [1917] says : 

Am dem vordem Pol ist das Choiion von der Mikrbpyle, einem einfaehen order mehrfacheo Porekanale, 

diarchhohrt ; and Imms [1930] states t^t the micropyles “ are nsxially sitiiatecl at th^ 

?ipterior or cephalic pole of the egg”. 
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canalB (see. below). The external openings of the mioropylar canals are placed at 
a distance of about 0*44 mni. frona the posterior pole of the egg. The canals lie side 
bjrside; but the intercanular distance is not uniforna— in some cases the two adjacent 
canals are so close together that they almost touch each other along their entire 
length, while in other cases they may be as far apart as 48 p in fche middle of their 
course. At their exterior end, however, they touch each other* In the region Of 
the mi cropylar canals the egg is distinctly constricted and the egg shell is more 
compact. The hexagonal sculpturing which marks the entire surface of the chorion is 
absent in this region (Plate XLIX, fig. 3). The vitelline membrane is especially 
thick at the posterior end of the egg. 

Eggs obtained from egg-calgx and egg-pod.'— BrAe of eggs (80 readings) : Length 
4T-8‘0 mm,, greatest diameter 0’9-l *6 mm. Number of micropylar canals 44-65* 
Si 2 ie of micropylar canals : Length 123-161 p, width of external opening 7-11 p. 
Distance of inner end of canals from the posterior pole about 0*44 mm* 


Micro^yle in other Aciidiidse* 

In all the Acridiidiee examined by us, the fundamental structure of the 
micropyle is essentially the same as described for ScMstoaerca greguHa, The follow- 
ing is a brief description of the eggs examined. 


SuB-FAMiLY TnYXALlNiS* 

Acrida sp, {Plate XLIX, fig. ISf 

Eggs obtained from egg-calyx .— of eggs : Length 3*3-3 mm., greatest 
diameter 0*6 mm. Number of micropylar canals 42-53. Size of micropylar 
canals : Length 113-151 p, width of external opening 13-23 p. Distance of 
inner end of canals from the posterior pole about 0*21 ram. 

Acridella sp. {Plate XLIX, fig, H). 

Eggs obtained from egg-calyx.— B\ze of eggs : Length 3*l-3*3 mm., greatest 
diameter 0‘6-0*6mm, Niimber of micropylar canals 38-41. Size of micropylar 
canals : Length 91-132 p, width of external opening 10-15 p. Distance of inner 
end of canals from the posterior pole about 0:16 mm. 
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Sub-family Oebipodin^. 

Bryodema sf. {Plate XLIX, figs. 15 and 17). 

Eggs obtained from ovary {fnlly ripe).- — Sizp of eggs: Length. 3*6 min., 
greatest diameter 0*6-0‘7 mm. Number of micropylar canals 52-54, Size of 
inicropylar canals: Length 91-113 [x, width of external opening 11-19 p. distance 
of inner end of canals from the posterior pole about 0*21 mm. 

The processes of the follicular epithelium round v^hich the micropylar canals are 
formed were clearly seen in one case, and are described below. 

Sub-family PyRGOMORPHiNiE. 

Poeciloeerm pictml^. {Plate XLIX, fig. 9). 

Eggs obtained from egg-calyx and egg-pod. ^ — Size of eggs : Length 8'0“8‘2 mm., 
greatest diameter l'3-r4 mm. Number of mycropylar canals 63-66. Size of 
micropylar canals: Length 113-236 p, width of external opening 15-25 p. 
Distance of inner end of canals from the posterior pole about 0*38-0*46 mm. 

Ohrotogonm rohertsi Kirby. {Plate XLIX, fig. 16). 

Eggs obtained both from egg-calyx and egg-pod. — Size of eggs: Length 3*9- 
5*0 mm., greatest diameter 0 '7-0*9 mm. Number of micropylar canals 49-53. Size 
of micropylar canals: Length 63-85 p., width of external opening 10-17 p. 
Distance of inner end of canals from the posterior pole about 0*18 mm. 

The micropylar canals lie closer to the posterior pole than in the other forms 
examined. The sculpturing of the chorion is thick-set and is not absent from the 
micropylar region. 

Sub-family Catantopin.®. 

Sehistocerca gregaria 'EoTsk. 

(Described above.) 

Bwroglyphus nigrorephtus Bob {Plate XLIX, fig. 12). 

Eggs obtained both from egg-calyx and . egg-pod.— oi eggs : Length 5‘4- 
5*7 mm., greatest diameter 1*4 mm. Number of micropylar canals 69-67. Size of 
micropylar canals: Length 189-265 p, width of external opening 23-28 p. 
Distance of inner end of canals from the poster! ’“fr pole about 0*39 mm. 

The eggs of this species present certain peculiarities when compared with those 
of the other, Acridiidae. The micropylar canals lie at some distance from the post-^ 
eriorpole. The egg- wall is very thick, especially at the posterior pole, largely on 
account of the thickness of the vitelline membrane. The hexagonal sculpturing 
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of tie egg is not strongly marked, but in tie bind half of the micropylar region and 
a little posterior to it there is a band of thick-set hexagons about 0‘26 inm. 

wide, running round the egg and to some extent obscuring the micropylar canals. 

Hierogly^hodes bilinecdus CarL {Plate XLIX,figs, 10 and 11). 

Eggs obtained from egg-fod, — Size of eggs : licngth 6*l-5*3 mm., greatest dia- 
meter mm, Number of micropylar canals 50-55. Size of micropylar 

canals : Length 199-246 p, width of external opening 21-32 p.. Distance of 
inner end of canals from the posterior pole about 0*31 mm. 

The shape of the micropylar canals is somewhat different from those of the 
other Acridiidee examined. The canal abruptly narrows down to form the tubular 
portion ; in other Acridiidse it narrows gradually. Indications of such a shape are 
seen in Acrida and Bryodema, but it is most marked in Hieroglyfhodes. 

Origin of the micropylar canals* 

Prior to Korschelt's work [Zoc. ci^.] no detailed observations regarding the origin 
of the compound "" micropyle among insects had been made, and the views 
entertained were largely based on conjectures. Meissner [1854], who believed in 
the formation of the egg-chorion by a direct transformation of the cells of the 
follicular epithelium, was of the opinion that the micropyle arose as a result of 
the absence of the cells of the follicular epithelium at the micropylar end of the egg, 
and in that region there were apertures (or ‘‘ micropyles in the vitelline mem- 
brane also. Leuckart [1866] believed that the numerous micropylar canals 
of Gomphocerus did not arise as such but were developed secondarily through the 
resorption of the chorion and the vitelline membrane. The conjecture of Leydig 
[1867] that the micropylar canals were secreted round pseudopods, just like the 
'‘pore-canals"" in the “ Hautpanzer "" of Arthropods, came nearest the truth. 
Korschelt [1884 and 1887] proved this to be so by definite and detailed observations 
on Meconema ‘yamm* (Tettigonkte), where he showed conclusively that each 
micropylar canal was laid round a protoplasmic process arising from the cells of 
the follicular epithelium in that region, and that when the chorion-formation was 
completed, these processes were withdrawn. 

We have been able to r;onfirm this in the Acridiidse. In a preparation of an 
ovarian egg of Bryodema (Plate XLIX, fig. 17), the epithelial cells (/) in the 
region of the micropylar canals give forth slender protoplasmic processes {pr. pr,) 
filling the cavity of the canals. These processes can be traced into the narrow end 
of the canal although not right to the tip of the inner end, which, however^ they 
undoubtedly reach. In Bryodema each cell in this row has a process. 
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Summary and conclusions. 

The micropylar apparatus in SohistooerGa gregaria Forsk. and other Aeridiidas 
consists of a complete ring of minute, funnel-shaped canals arranged near the 
posterior pole of the egg— the pole directed caudad in the ovary and downwards 
in the egg-pod. The number of the canals varies. The uniformity exhibited in 
the structure of the micropylar apparatus, by the species which have been examined 
so far, suggest it to be the general character of the family Acridiidae. 
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Explanation of lettering, 

a, Z»v Air bubble in the micropylar canal. 
a,p. Anterior pole of the egg. 

c. Micropylar canal. 

Chorion sculi>turing anterior to the micropylar region, 
e. p. Chorion sculpturing posterior to the micropylar region, 
e. 0 . External opening of the micropylar canal, 
e.T* e/^. External chorion. 
fi Cell of the follicular epithelium. 

in, ch. Internal chorion. 
i* 0 ^ Inner opening of the micropylar canal, 
w. Beginning of the actual micropylar canal. 

nu. Nucleus. 

pel. Pellicle on the inner side of the vitelline membrane. 

'p>p* Posterior pole of the egg. 

, pr,pr. Protoplasmic process of the follicular epithelium. • 

r. Micropylar I'egion. 
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Air space in the chorion. 

a. Specially tliickened band of 

un.p. Uiu’oofed portion of dlie mieropylar canal- (the obliquely triuicatiHl moutt^^^^^ 

n m. ■Vitelline membrane. 

y..., ."'Yollv. ■ ■ ■ ■ 

Explanation of Plate XIiIX. 

{Figs. hS»-^Sc7dstoce}xa gre<jcmaYoviik^ 

Fig. i. — Egg. (The dark constriction near the posterior pole represents the inicropylar region). 
Photograph. x4|', 

Ho. ^.—Poriion of the posterior end of egg, showing micro|)ylar canals (c). Photograph. 

■ .x43. ■ 

Hy. o',--- Photo-micrograph of the egg-wall in the mieropylar region. (The micropylar canal 
on the left has been inked). xl70. 

Fig. 4. — Photo-micrograph of a portion of the transvei’se section of the egg across the micropy- 
lar region, showing the micropylar canals cut across. (The outer chorion is broken 
in places), x 190. 

Fig, 5,a-k,- Semi-diagrammatic, camera-lucida drawings of the portions of transverse section 
of the egg-wall across the micropylar region, showing the course of a micropylar 
canal. X 388. 

(<^) Section close to the outer opening of the micropylar canal 
{h) Section across the extreme inner end of the micropylar canal which is repre- 
sented hy the depression in the pellicle . 

Hy. Photo- micrograph of a portion of the longitudinal section of the egg, showing the 
course of a micropylar canal. (The inner opening is not in focus in the photograph, 
but its approximate position (?. o.) is indicated), x 285. 

Hy. ?'.“-'Semi-diagrammatic, camera-lucida drawing of the same portion as in Fig. 6. (The 
thin pellicle on the inner side of the vitelline membrane is not represented). x229. 

Hy. 8. — Semi-diagrammatic, camera-lucida drawing of a longitudinal section of the posterior 
end of the egg— passing on the right through a micropylar canal and on the left 
through an intercanular area. (The inner chorion is not differently riiaded from 
the outer, and the pellicle on the inner side of the vitelline membrane is not 
shown). x43. 

Fig, 9, — Photo-micrograph of the egg- wall of F cscilocerus pictiis F., in the micropylar region. 
X170. 

Fig. iO.— Outline of a micropylar canal of Hierogl^phodes hilineatiis Carl. x28. 

Hy, il.~Photo-micrograph of the^egg-wall of Mieroglpphodes Ulineatus Cb,x\. in the micro- 
pylar region* The canal on the right has been inked. xl70. 

Hy. Photo-micrograph of the egg-wall of FLieroglyphus nigrorepletiis Bol. in the 
micropylar region. The canal in the middle has been inked, Note the specially 
thickened area (if/^.) of the chorion sculpturing. Xl70. 

JPiy. Photo-micrograph of the egg-wall of Acnda in the micropylar region. The 
canal in the middle has been inked. x l70. 

Fig, hoto-micrograpb of the egg- wall of A.crideUa sp, in the micropylar region. X 170. 

Fig, 15, — Photo-micrograph of the egg-wall of Sryodem/t sp, in the micropylar region. X 170. 

Fig, 16, — Photo-micrograph of the egg- wall of Chrotogonus rohertsi Eirby in the micropylar 
region. The canal 'on the left has been inked, x 170. 

Fig, 17, — Semi-diagrammatic, catnera-lucida drawing of two of the micropylar canals of a ripe 
OYW£i 2 i,rL oi Bryodema sp, showing their mode of origin around protoplasmic 
processes {pr, pr,) of the "basal follicular epithelial cells {f,) X 288, 
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In the previous communication [Srinivasan, 1932], evidence has been adduced 
to show that all soils contain certain constituents which interfere with the progress 
of digestion with hot, concentrated sulphuric acid, and that iron and aluminium 
oxides are probably concerned in such obstruction. The present paper deals with 
the chemical nature of the interfering agent, the manner of its functioning and the 
methods of eliminating difficulties caused by it. 

Experimental. 

Effects of addition of increasing quo/ntities of iron or aluminium oxide . — 
Samples (5 grms.) of a specimen of soil (wet cultivated, surface) from the Punjab 
were treated with 2, 3 and 6 grms. respectively of the two oxides and the digestion 
conducted by ‘dry' and ‘wet' methods in the manner outlined in the previous 
paper. The results have been presented in Table I. 

Table I. 


Nitrogen as parts per million (averages) 


Mode of digestion 

. ■' i 

1 , 

Soil 

alone 

(control) 

Soil-p 

2 grms. 
i of 

1 Fe/)^ 


SoiH- 
5 grms. 
of 

. Soil4- 
; 2 grms. 
of 

Al^Oa 

Soil-f- 
3 grms. 
of 

Aifi, 

Soil-f* 

5 grms. 
of 

1 AI2O3 

Standard 

error 

‘ Dry ’ (official Gun- 
ning-Hibbard method) 

943 

918 

894 

881 

939 

887 

874 

±f6 

‘ Wet ’ (after standing 
overnight with 1 : 1 
acidl 

982 

980 

980 

983 

978 

980 

985 

±0-6 


Considerable difficulty was experienced in conducting the above experiments 
chiefly owing to the thick and viscous condition of the digesting masses. There 
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was violent bumping together with the settlement of hard cakes at the bottom. 
Of the two sets, the ‘ wet ’ digested ones were always the more satisfactory, but 
even they had to be treated with further quantities (20 c. c. in each case) of water 
so as to ensure smoothness of digestion. The results show, however, that, in spite 
of the above-mentioned difficulties, the ‘ wet ‘ treatment led to correct values being 
obtained in all the cases while the ‘ dry ’ one led to decreased efficiency of digestion 
with increasing additions of iron or aluminium oxide. 

The residue left after ‘dry’ digestion consisted of large lumps made up of 
brownish particles encased in thick white sheaths of a homogenous substance. 
Examination of the same showed, however, that it did not contain even traces of iron 
or aluminium, thus indicating that those dements were not directly responsible 
for the incompleteness of digestion. 

Eepetition of the above experiment using smaller quantities of soil and oxides 
in the same proportions led to smoother digestion. The results {Table 11) as also 
the absence of the added elements from the undigested residue confirmed the 
previous inference. 

Table H. 


Nitrogen in parts per million (averages) 


Mode of digestion | 

Soil 

(2 grms.)] 
alone i 
(control) 

Soil-f 

(4:1) 1 

1 Soil“f- 

S’ogOj 
(2 : 1) 

1 Soil-f 
Fe^Os 
(1: 1) 

Soil+ 

AljOg 

(4:1) 

Soil-i- 

-A-IgOg 
(2 : 1) 

^ Soil+ 

AlgOg j 
(1:1) : 

Standard 

error 

r 

* Dry ’ (official) 

943 

937 

926 

920 

931 

915 

920 

±1-2 

‘ Wet * (ovemiglit) 

982 

976 

■ i 

987 

976 

987 

976 

987 

±0-2 


Effect of addition of hterite . — The digestions were next repeated with the 
addition of laterite, which is naturally rich in both the oxides. To 5-gram lots of 
the soil, 2 and 6 grms. respectively of laterite were added and the digestions conducted 
as before (Table III). The results were similar to those obtained in the previous 
experiments. 

Table III. 


Mtrogea in parts per million 


Mode of 
digestion 

Soil 

alone 

(control) 

Laterite 

alone 

(control) 

Soil-f 
laterite 
(2 grms.) 

Soil 

alone 

calculated) 

Soilf- 
laterite 
(5 grms.) 

Soil 

alone 

(calculated) 

"Dry ’ (official) 

943 

107 

961 

918 

949 

843 

* Wet ’ (ovemighit) 

982 

14? 

1,031 

972 

1 

U14 

9C7 


.1 

648 iNblAN JOURNAL OB' ACWCULTURAL SCIENCE [ill, IV. 

Effect of addition of tifmifemus mineral— In view of the previous suggestion 
of Bal [1925] that titanium compounds are probably responsible for the obstruc- 
tion of the progress of ‘ dry ’ digestion in the case of black cotton soils of the 
Central Provinces, some experiments were carried out adding increasing c^uantities 
' of ilmewite to 5-gram lots of the specimens of soil used in the previous experiments 

* (Table IV). 

Table IV. 



Nitrogen as parts per million (averages) 

j Method of 

digestion 

Soil 

alone 

Soil 4“ 
ilmenite 

Soil -f 
Umemte 

Soil+ 

ilmenite 

Standard 

1 ' ' ' ■ 

(control) 

(0*5 grm.) 

(1*0 grm.) 

(2*0 grms.) 

error 

*I)ry’ (official) 

*Wet’ (overnight) 

943 

939 

936 

' , i 

932 1 


982 

976 

974 

977 

i 

• ±0*6,' 



Mode of 
digestion 


SoiI+ 

stearin 


Soil+ 

rosin 


(official) 

(overnight) 


It was observed that the progress of the digestions was not appreciably ham- 
pered by the presence of ilmenite : nor were the values obtained by ‘ dry ' digestion 
perceptibly affected by the addition of increasing quantities of that mineral. The 
observations would suggest that the obstructing agent in black cotton soils is not 
titaniferous magnetite but some other component of those heavy clay soils. 

Even after completion of digestion by the 'wet' method, soils treated with 
left dark-coloured residues. This was found to be due to the presence of 
’ unattacked portions of the added mineral and not to incomplete digestion of the soil, 

.‘t, Effect of addition of different types of organic compounds. 

With a view to determining the effect of non-nitrogenous, organic compounds 
! on the efficiency of digestion by the Kjeldahl method, some trials were carried out 

! adding (a) starch (1 grm.) which is rapidly destroyed in the soil, (5) stearin (0*5 grm.) 

which is somewhat slowly decomposed, (c) rosin (0*6 grm.) which persists for con* 
1 siderable time, and (d) paraffin wax (0*5 grm.) which resists decomposition— -and 

, I conducting the digestion by ' dry ' and ' wet ' methods as before (Table V). 

si : ■ Table V. 


Nitrogen as parts per million (averages) 


Soil 

alone 

(control) 


Soil-f 

starch 


Soil-f 

paraffin 


Standard 

error 
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No particular difficulty was encountered in the digestion of the starch -or stearin- 
treated specimens : those treated with rosin took considerable time for comple- 
tion while those to which paraffin wax had been added gave the greatest amount of 
difficuliy. In the last case there was considerable swelling and frothing accom- 
panied by violent bumping. The digestion was always smoother in the case of the 
t wet '-treated specimens than the ' dry ' ones. 

In view of the previous observations of Eussell [1927] and Kllai and Subrah- 
manyan [1931] that wax-like compounds and wood-resins are present in certain 
types of soils, some experiments were carried out treating the soil with petroleum, 
ether or alcohol after addition of 0*5 grm. of paraffin wax, then evaporating out 
the solvent and finally conducting the digestion in the usual way. 

It was observed that treatment with the solvents had greatly improved the 
smoothness of digestion. The results expressed as parts per million were as fol- 
lows. — ^Alcohol-treated, 985; petroleum-ether-treated, 980 ; water-treated, 976 ; and 
untreated (' dry ' digested), 941. 

Pre-treatment of soil with volatile organic solvents. — Samples (5 grms.) of the 
soil W’^ere treated with 10 c.c. each of alcohol (absolute or 80 per cent.) or petro- 
leum ether and then ' dry ' digested in the usual way. 

It was observed in all the treated cases that the digestion proceeded as 
smoothly as in that of the ' w^et ' one : the average nitrogen values (as parts per 
million) were also about the same and within range of experimental error. — Alcohol 
absolute, 981 ; alcohol (80 per cent.), 986 ; petroleum ether, 974. 

Treatment with acid, allcali or salts.— Wiih a view to determining whether the 
efficiency of ' wet ' digestion conid be improved by substituting water with aque- 
ous solutions of different substances, samples (6 gims.) of the soil were treated with 
20 c.c. each of hydrochloric acid (1 : 1 aq.), potassium hydroxide (20 per cent, 
aq.), sodium chloride (one per cent, aq.), and sodium sulphate (one per cent, aq.) 
respectively. The contents of the flasks were then digested either immediately 
or after standing overnight. The results (Table VI) showed that the effects of 
addition of different aqueous solutions were not significantly different from that 
of water alone. 

Table VL 




Kitrogen as parts per million 


Time of digestion 

‘ Dry ’ 
digestion 
(control) 

Water 
(‘ wet^) 

HCl 

1:1 

KOH 

20 per 
cent. 

- NaCU J 
one per 
cent. 

; on© per '■ r! 

cent. 

Immediate 

944 

085 

372 

976 

980 

' 980 

After standing overnight 


. 988 

i 

986 

976 

981 

I 
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Effect of pre-tr&itment witit oxidizing agents. 

{i) Hydrogen feroxide.—B&mphs (5 grms.) of the soil were treated with 20 c.c. 
each of 6 per cent. (Merck’s) hydrogen peroxide and then digested in the usual 
way. The results expressed as parts per million are as follows. — ^Immediate, 1,045 ; 
overnight, 1,036 ; ‘ wet ’ overnight (control), 082. 

Eepetition of the above experiment with four other soils led to the following 
results (Table VII) :~ 

Table VII. 


Nifcrogeft as parts per million (averages) 


Treatment 

Mandalay 
rice land 
surface 
soil 

Dacca 

highland 

surface 

soil 

Tellioherry 
heavy clay 
surface 
soil 

Nasik' 
dry land 
surface 
soil 

j Standard 
error 

Hydrogen peroxide (20 c.o.) 

626 

931 

1,106 

967 

±1-8 

^^ater (20 O.c.) 

639 

836 

1,042 

905 

±2-0 

Untreated (control) 

472 

820 

967 

869 

±3*0 


Tbe residues iBft after ‘ wet ’ d.igest.ion of tliree of the ahovementioned soils 
were treated with 20 c.c. each of hjdrogen peroxide and redigested after 
further addition of acid. It was observed, however, that the titre . values 
for the ammonia distilling over were nearly the same in all the cases, i.e., 0’9, 
O’ 95 and 1 c.c. of N/SO acid. This led to. the suspicion that the preparation 
of hydrogen peroxide may have contained some nitrogen. The presence of nitro- 
gen was later confirmed by ((») digestion of aliquots of hydrogen peroxide and (6) 
subsequent knowledge that the particular preparation had been preserved with 
barbituric acid. 

It may be recorded, however, that although pre-treatment with hydrogen 
peroxide led to fictitious increase in soil nitrogen, the digestion in such cases pro- 
ceeded even more smoothly than after water treatment and was generally complete 
in under one hour. 

{ii) Pre-treatment with sodium Jiypobromite or chromic acid. — The details 
of the experiment were the same as those of the previous one with the ex- 
ception that 10 per cent, hypobromite or 16 per cent, chromic acid was used in 
place of hydrogen peroxide. The average nitrogen values thus obtained were 980 
and 986 parts per million respectively, thus showing that the oxidizing agents did 
pot naaterially improve the efiiciency of digestion. 
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Effect of size of partkle on the effid&ncy of digestion. 

Specimens of soils from Mandalay and Wasik used in one of tke previous experi- 
ments were ground and divided up into different fractions as follows.— (A), passing 
lO-mesL. sieve but not the 20-mesh one ; (By passing 20 but not 30 ; (0), passing 
30 but not 40 ; (By passing 40 ; and (E), passing 60. Samples (5grms.) of the 
different fractions were then ' dry ' digested and their nitrogen contents determined 
in the usual way (Table VIII). 

Table VIIL 



* Wet’ 
digestion 

Nitrogen as parts per million (averages) , 

Soil from 

soil passing 
30 mesh, 
(control) 

A 

1 

B 

0 

B 

■ ^ ' 

Standard 

error 

Nasik 

908 

780 

792 

850 

854 

856 

i 1*4 

Mandalay 

544 

408 

422 

459 

464 

1 466 

±1*1 


It may be seen from the above that although the efficiency of digestion had 
appreciably improved as the result of finer division of the soils, the results were, 
in no case, so satisfactory as those obtained by ‘ wet ^ digestion. It would follow, 
therefore, that, to obtain accurate estimates of soil nitrogen, the ' wet ' method 
should always be followed irrespective of the efficiency of grinding the soil. 

After completion of the digestions described in the above experiment, it was 
noticed that the material left in the flasks consisted mostly of whitish lumps whieli 
were generally several times bigger than the soil particles originally introduced. It was 
also observed that the white colour represented only the outer coat while the in- 
terior consisted of the brown mass already described. The above observations 
together with the previous ones of Bal [loc. ciLl thus suggested that {a) the diges- 
tion involved some reaction as the result of which the whitish compound was de- 
posited around aggregates of undigested particles and (6) it may be possible to 
isolate fairly large quantities of the white compound as also the enclosed brown 
substance, by ‘ dry ^ digesting either coarse particles or small lumps of soil. 

Some experiments were accordingly conducted, rolling the soil into small 
pellets and digesting the latter by ‘ dry ^ and ^ wet ’ methods. It was noted that 
although the ‘ wet ^ digestion was complete in under hours, most of the ‘ dry 
treated pellets remained intact even at the end of 6 hours. When after apparent 
completion in the latter cases the digested masses were distilled with alkali, any 
value between 790 and 840 p.p.m. of nitrogen was obtained, while with the ‘ wet 
treated ones, the correct value was invariably obtained. The enclosed material ms 
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fresh^ imattaehed soil. With a view to collecting a ’asefnl amount of the protective 
compound, a number of pellets were Vdry' digested as in the previous experiment 
and after removing the unused acid and other water-extractable materials, the 
residue was repeatedly washed until free from sulphates and then examined under 
the microscope. It was observed that the outer coat was composed of uniform 
crystals, thereby suggesting that it was probably a single substance. On splitting 
the lumps it wns noticed that the white layer extended only up to a depth of 1 m.m. 
below which it W'-as almost exclusively fresh, unattacked soil. Portions near the 
surface Avere somewhat grey hut the interior remained absolutely unchanged. This 
observation coming into relief in the case of the bigger lumps, show^ed clearly that 
the inefiecfciveness of 'dry ' digestion was mainly due to a part of the soil not 
coming into contact with sulphuric acid. 

Identifioation of the protective compound . — Since the residual lumps represented 
fairly large surfaces and were thus easy to handle, some attempts were made to 
mechanically separate the white substance by scraping out with a pin. The scrap- 
ings proving successful, the material from a number of lumps was thus collected and 
analysed for its contents. It was observed that the substance was made up ex- 
clusively of a highly insoluble form of silica. Iron, aluminium or other metals 
were not present even in traces, thus confirming the previous observation to that 
effect. 

A similar examination of the insoluble residue left after ' wet ' digestion also 
show^ed that it v/as mostly silica. It differed how^ever from that left after dry 
digestion in that the particles were detached from each other and that no lumps 
enclosing undigested soil were to be found. The observation thus suggested that 
whereas in the ' dry ' digestion the silica particles held together forming the impene- 
trable protective layer, they w^ere separated during ' wet ^ digestion, thus facilitating 
the acid reacting with all the soil particles. 

Further experiments showed that the layer of silica was formed almost immedi- 
ately after the commencement of the heating, representative specimens of lumps ob- 
tained after ' dry ' digesting for 16 minutes showing about the same thickness of the 
protective coat as those left after six hours of digestion. Ee-treatment with hot, 
concentrated sulphuric acid of lumps from which the surface coat of silica had been 
scraped out showed that the protective layer was- again formed to about the same 
thickness as before and enclosing undigested soil within. On the other hand, a 
similar lump, when dropped into dilute sulphuric acid and heated, broke up readily 
fragments exposing the previously enclosed soil particles to further action 
manner, soil lumps introduced into water, dilute acid or 
form of pellets and then digested with the addition of 
broke up into fragments, thus facfiitating the comple- 
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tioil of the reaction. The foregoing observations would sxiggmi altho^ 

' dry ' and the pre4reatsd digestdons led to ultimate formatimi of silica as an insoluUe 
fesidue^ the former involved a heavy deposition of impenetrable silim around the un^ 
digested soil particles, while the latter was characterised by the initial dispersion of soil 
particles prior to commencement of digestion. 

Type of soil and extent of protective action. — Specimens of soils from different parts 
of India and Ceylon were analysed for their nitrogen contents by "dry' and "wet' 
methods. The descriptions of soils together with the results have been given in the 


following table r- 


Table IX. 


Description 

Nitrogen as parts 
per million (averages) 


‘Dry’ 

‘Wet’ 

Red gravel— surface — coconut 

978 

972 

Laterite— tea 

1,437 

1,471 

Sandy 

313 

322 

Sandy — wet cultivation 

433 

442 

Sandy loam-— garden soil 

— surface 

140 

144 

Red sandy loam— surface 

679 

692 

Alluvium— surface 

440 

470 

Calcareous 

389 

419 

Loam— alkaline — surface 

175 

191 

Light clay — surface 

297 

339 

Bed clay — sub-soil 

273 

313 

Bed clay— surface 

248 

304 

Medium black— sub-soil 

326 

395 

Heavy clay— black^ — ^sub-soil 

310 

411 


BMerenc© 

‘dry’) 

peteent. 

‘ wet ’«100 


Soil from 

Kottayam 
Kandy, Ceylon 
Jaffna, Ceylon 
Kottayam 
Travancore 

Tellicherry 
S * Bihar 
N. Bihar 
liridivanam 
Sholapur 
Kandy a 1 

Sholapur 


In the case of the light (sandy or sandy loam) soils, the differences between the 
results obtained by the two methods are more or le^ insignificant. It is only in the 
case of the heavy soils that the inadequacy of the " dry ' method becomes quite 
marked. This observation together with the previous ones that (a) the clay fraction 
of the black cotton soil led to maximum difference being observed between the " wet' 









664 INDUN JOUBNAI. OF AGBICULTORAI, SCIENCE [III, iv. 

and the ‘dry/ methods [Bal,?oe/ci«.] and (&)addi^^^ pure sand had by itself 
no adverse eftect on the value of nitrogen obtained by the ‘ dry ' method [Srinivasan, 
he. cii.] lead to the inference that the protective coat of silica is derived from the 
complex alnmino-silicates which constitute the major part of the finer fractions of 
the soil. 

MeoJianim of fomation of the <prote6twe layer.— With a view to determining 
whether the formation of the protective coat of silica could be artificially demon- 
strated in the case of different silicates, some experiments were carried out coating 
lumps of soil, chips of wood or pieces of metal with sodium or aluminium silicate 
and subjecting them to the action of concentrated sulphuric acid as in the usual 
‘ dry ’ digestion. It was observed that although there was not much perceptible 
action in the cold, the silicates reacted readily with hot acid forming hard, white 
encrustations which were subsequently identified as being made up of silica. In the 
case of sodium silicate, the reaction was accompanied by swelling and the escape 
of bubbles of water vapour ; in that of aluminium silicate, it was characterised by 
the separation of the corresponding sulphate in acid solution together with the 
release of water which escaped on heating. Owing ho wever to the punctures formed 
by the escaping vapours, the enclosed materials were not fully protected from the 
action of the acid, but there were always little lumps which had been so well 
enclosed that the acid could not penetrate them — ^an observation corresponding to 
that made in the course of the ordinary ‘ dry ' digestion of soils. 

The above experiments were then repeated, coating pieces of wood or copper 
with clay paste, and it was noted that similar layers of silica were formed protecting 
the major portion of the enclosed materials from further action of the acid. The 
swelling w as not so marked as in the previous cases, but potassium, iron and 
aluminium w-ere detected in the acid solution thus indicating that the chemical 
nature of the reaction w as similar to that observed in the case of the simpler 
silicates. 

The nature of the reaction between sulphuric acid and different silicates after 
pre-treatment with water or aqueous solutions of acids, alkalis or salts was next 
studied. Pieces of wood or metal were coated with sodium or aluminium silicate 
or clay from different sources and then treated with the different fluids followed by 
concentrated sulphuric acid and the mixtures digested in the usual way. 

It was observed in all the cases that within a very short time after the com- 
mencement of the heating, the outer layers of silicate or clay were burst into and 
the enclosed materials rapidly exposed to the action of dilute sulphuric acid. With 
further heating and the consequent concentration of the acid, lumps of silica began 
to be formed, but as they were detached from the mass of the digesting material, 
they offered no resistance to the progress of the reaction. Analyses of the acid 
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extracts Rt difterent stages showed that the corresponding sulphates had been 
formed in all the cases even before the formation of lumps of silicav This would 
indicate that the reaction proceeded in two stages, one, the formation of silicic acid 
and the coimsponding sulphate, and the other, . dehydration of silicic acid and the 
attendant precipitation of silica. The former was the result of reaction beween 
dilute sulphuric acid and the silicates, while the latter occurred only after the 
concentration of the acid. The two stages could then be represented by the follow- 
ing equations. 

XgSiOa+HgSO^ (dilute, cold or hot) H2Si03+X2S04 


(in suspension) (in solution)..... *(1) 


cone. H9SO4 


H.SiO^ 


(precipitate) . . . . . . . • (2) 

when X represents a monovalent basic radicle. The reaction would follow a 
similar course even in the case of the complex aluminosilicates, like those present 
in the soil. 

As distinct from the above, the reaction between hot, concentrated sulphuric 
acid and different silicates would appear to take place at one step, the formation of 
silicic acid and its subsequent dehydration being almost concurrent. 

XgSiOg-f H2VSO4 (hot, cone.)— > 

X2SO4 + Si02N^ + 

(in acid solution) (protective^ layer) (vapour) 


Discussion. 

Although it is generally known that silica is one of the insoluble residues left 
after acid digestion of soils, the importance of the part it plays in determining the 
efficiency of the reactions leading to the formation of ammonium sulphate has not 
so far been understood. The foregoing observations show that silica is not formed 
in the earlier stages of Vet’ digestion, so that the penetration of the entire ' mass 
of soil by dilute acid is greatly facilitated: all the particles of soil are thereby 
acted upon and the digestion thus proceeds to completion. On the other hand, 
Silica is one of the very first products of ‘ dry ’ digestion, forming as it does, a thick 
deposit around undigested soil particles ; it forms an impenetrable barrier protect- 
ing the latter from further action of the acid. The reaction thus becomes incom- 
plete, yielding reduced estimates of total nitrogen. 

The residue left after ' dry ’ digestion is not acted upon by concentrated 
sulphuric acid, but is readily penetrated by the dilute acid or any one of the other 
fluids experimented with. On heating the residual mass left after dry digestion 

,0 2 / 
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witli dilute break up exposiug their entire contents to further 

action of the acid. The digestion then proceeds to conipletion, thus facilitating the 
estimation of the entire amount of nitrogen left in the residue. 


The foregoiiig observations show clearly that however carefully the digestion 



1. Addition of increasing quantities of iron or aluminiiim oxide or laterite to 
the soil renders the progress of ‘dry" digestion somewhat difficult, but those 
substances are not directly responsible for the ixicompieteness of reaction observed 
in such cases. Smooth digestion, as also accurate values, can be obtained by adop- 
ting the ‘ wet " method under such conditions. 

2. The presence of titaniferous mineral or different types of organic compounds 
do not appreciably affect the progress cf reaction between soil and concentrated 
sulphuric acid. 

3. Pre-treatment with volatile organic solvents or aqueous solutions of acids, 
bases or salts leads to higher values being obtained than by the official ‘ dry " 
method, but the results do not show any improvement on similar treatment with 
water alone. 

4. Addition of hydrogen peroxide greatly hastens the progress of digestion, but 
allowance should be made for the nitrogen present in commercial preparations of the 


be conducted, the official * dry " method will invariably lead to incomplete reaction 
between soil and concentrated sulphuric acid : reduced values for total nitrogen 
will thus resvdt, the error in the estimate increasing with the proportion of clay in 
the soil. The ‘ wet " method adopted in the present investigation is a distinct 
improvement on the hitherto official method, but further work will be needed to 
standardi^ie the conditions so as to secure the most satisfactory resiilts with all 
types of soils. The need for quicker and smoother digestion is also indicated and 
the observations made in the case of specimens treated with hydrogen peroxide 
suggest that farther improvement along this line is possible. No method has so far 
been devised for obtaining absolute values for the total nitrogen present in a 
soil, so that although the wet method is a definite improvement on the dry one, 
the extent of its approach to the real amount of nitrogen in a soil is still obscure. 

The observations with regard to the origin and mechanism of protective action 
exhibited by silica suggest that similar difficulties may be encountered wherever 
silicious materials are present. They also indicate that the ‘ wet " method can, 
with advantage, be extended to the estimation of nitrogen in rocks, minerals and 
mineral earths which resist digestion by the ‘dry" method, to various organic 
manures which contain soil and other silicious materials, to plant materials (like 
paddy husk) w hich are rich in silicious constituents and such other estimations. 


SUMMAEY. 
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peroxide itself. Pre-treatment with other oxidizing agents does not lead to im- 
provement on the values obtained by the ' wet ' method. 

5. Grinding the soil to a fine vstate of division leads to higher nitrogen values 
being obtained by the 'dry' method, but the figures thus obtained are always 
lower than those secured by ' wet ' digestion. 

6. The residue left after ' dry ' digestion was found to consist of undigested 
soil suriouiided by thick coats of silica. The latter being impenetrable to con- 
centrated sulphuric acid, the enclosed soil particles were thus found to be effectively 
protected against the action of the acid. 

7. The protective action of silica was more marked in the cases of heavy soils 
than in those of light ones. 

8. Study of the mechanism of formation of the protective layer showed that 
(a) silica was the immediate product of reaction between hot, concentrated 
sulphuric acid and the alumino-silicates present in the soil, so that the protective 
coat was generally formed before the acid had wetted all the soil particles, (6) 
when soil was heated with dilute sulphuric acid as in ' wet ’ digestion there was no 
formation of silica until all the water had been driven out so that there was always 
sufficient time for the acid to react with all the soil particles and (c) the layer of 
silica formed under conditions described in (a) though resistant to the action of con- 
centrated sulphuric acid was readily penetrated by various other fluids including 
dilute sulphuric acid which farther caused the lumps to break up thereby exposing 
the enclosed soil particles to the action of the acid and thus facilitating completion 
of digestion. 

9. The nature of further work leading to the standardization of a new method 
of estimating nitrogen in soils, manures, plant products and other materials contain- 
ing silicioUvS constituents is indicated. 
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THE EFFECT OF TEMPBEATURE ON THE BREAKAGE OF 
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During tbe course of a series of laboratory milling tests on rice it was observed 
that tbe percentage of brokens tended to increase from early morning to about 
2 p.m. and then to decrease. The following experiments were done to discover 
if this systematic variation was related to the temperature. 

The milling apparatus used has been described by Hayes [ 1932 ]. The pro- 
cedure in all cases was to take a number of samples of paddy, hull in the kyeih 
(rotary huller), winnow, take the temperature of the (unpolished brown rice) 

at the time it was placed in the moung (treadle pounding machine) and polish 
with 600 blows. After removing the bran and thoroughly mixing, samples were 
separated into broken and unbroken and the percentage of brokens calculated 
from the latter because small quantities of chips are lost from the brokens but 
loss of whole grains is rare. 

Three pure lines of rice have been tested, namely, Theikpan Ngasein 2104, 
Theikpan Taungdeikpan and Theikpan Shweat. Tbe first is a bold-grained type 
with a little abdominal white, usually along the edge. It belongs to Beale^s [1927] 
Class C. The second is a small fine-grained type, glassy, and fits nearly into 
Beale's Class B but is rather small. The last is also a small Class B grain, slightly 
broader than Taungdeikpan and it frequently has a small amount of abdominal 
white along the edge. 

The figures obtained for Ngasein 2104 are given in Table I. It was found 
that very small changes in the setting of the pestles of the moung caused large 
difierences in breakage and the machine being mostly wooden, differences in 
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Third test 


Fifth test 


First test 


Second test 


Fourth test 


d2‘7 29-6 

62-5 30-0 

66*6 30*3 

54*6 30*2 

65*8 31*8 

68*0 32*6 

58*0 33*6 

62*7 33*8 

54*8 33*4 

65*0 33*7 

66^0 
67*2 
67*7 
66*7 


I . 32*6 

f 33*2 

f 34*4 

I 35*2 

I 36*7 

' 36*7 

f . , 36*6 

I 38*0 

36*9 
38*4 
37*6 
39*0 


60*3 34*6 

62*6 36*6 

63*2 35*2 

65*2 38*0 

65*9 38*4 

68*4 38*2 

64*1 38*5 

68*4 32*9 

64*4 33*6 

67*6 34*2 

64*2 34*4 

58*9 35*8 

36*0 
36*8 


In Table II are given the correlation coefficients for temperature of hndi and 
breakage per cent. 

Table II. 

Correlations hetieeen londi temperature and breakage for Ngasein 2.104. 


First test 
Second „ 
Third „ 
Fourth „ 
Fifth ,, 


I Combined 

f ■ 


With the exception of the second test all the correlations are very high. It is suspected 
that during the second test one or more of the pestles was out of adjustment. 

Omitting the second test the weighted estimate of 2 ; is 1*6448 corresponding 
to r = *9282. There is therefore no doubt that breakage increases as the temperature 
of the rice before polishing rises. 


62*96 

62*87 

64*10 

64-70 

66*10 

65*60 

66*84 

66*70 

66*27 

67*20 


29*0 61*4 

29*5 63*2 

29*6 64*2 

30*2 64*6 

30*7 64*8 

32*2 64*9 

32*1 65*0 

32*8 66*1 

32*2 66*0 

33*0 66*9 

33*7 57*2 

33*8 67*1 

34*0 68*0 

33*8 67*6 
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humidity appeared to cause irregularities. It is therefore not possible to combine 
the figures for the five tests but each must be dealt with separately. 

Table I. 

Temfemture and per cent, brealcagefor TheiJcpan Ngasein 2104. 
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Estimates of the regression line from such small samples are uncertain but the 
regression coefficients of breakage on. temperature for the second test = -0656 and 
for the fourth test = -9273. It appeam that for each degree centigrade rise in the 
temperature of the unpolished rice the breakage increases not less than '6 per 
cent. At the time the paddy was hulled samples n ere taken for moisture testa 
as it was thought formerly that changes in moisture content largely affected breakage. 
Within each of the above tests the variation in moisture per cent, was small and 
the correlations with breakage all small and insignificant. They are given in 
Table m. 

Table III. 

Gorrdatiom between moisture per cent, of faddy and breakage. 



r 

Approximate 

P 

JFirsfc test 

-f'0665 

0*84 

Second „ 

— 0468 

0*88 

Third „ 

-f'0187 

0*90 

Fourth „ 

+•2514 

0*40 

Fifth „ 

+•2557 

0-50 


Two tests with Taungdeikpan have been done and the figures are given in 
Table IV. 


Table IV. 


Temperature and per cent. hteahxge fQr Thdkpan Taungdeikpan. 


First test 

Second test 

Londi 

temperature 

V, 

Per cent, 
breakage 

Londi 

temperature 

°0. 

Per cent, 
breakage 

31*1 

13*6 

33*9 

27*3 

31-9 

13-8 

34*6 

29*5 

32*6 

12*5 

34*5 

26*8 

33*8 

15*3 

36*9 

29*5 

33-8 

14*1 

37*1 

30*5 

1 36'0 

19-1 

37*3 

29*7 

j 34-8 

22*2 

28*8 

25-6 

35*3 

31*3 

29*6 

25*4 

35*4 

22*8 

30*7 

24*6 

36*4 

31*9 

31*2 

23*6 

35*9 

26*7 

31*6 

26*1 

37*8 

34*0 

32*2 

24*9 



33*4 

27*0 



33*6 

25*6 



33*6 

26*4 



33*9 

27*2 
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III Table V the correlations are given. In this case also they axe high. 

Table. V. 

Correlation Coefficients for breakage Me? londi temferatme far Theihpan Taungdeikpan- 



r 



s(h-3) 

First. sa,mple 

0-8912 

1-1276 

9 

12-8484 

Second sample 

0*84|2 

1-2496 

18 

16-2448 

Combined 

1 

0-8674 

1-3224 

22 

28*0932 


As in the aase of Ngasein the correlations between moisture percentage in the 
paddy and breakage were small and insignificant, namely — *3746 and +*0341 for 
the first and second tests respectively. 

The regression coej05cients for Taungdeikpan were 3*69 and 0*636 respectively, 
a very wide discrepancy, but it is fairly certain that whatever the true value it is 
of sufficient magnitude to be of consequence. It would probably be safe to assume 
that each degree rise in temperature is accompanied by at least 0*6 per cent, in- 
crease in breakage. It may be considerably more but sufficient data are lacking. 

In the case of Theikpan Shweat only a single test has been done and the 
figures are not so consistent as desirable owing to maladjustment of the moung and 
the small range of temperature* They are given in Table YI. 

Table VL 

Temperature of londi ard per cent, breakage fm* Theikpan ShweaL 


Londi 

temperature 

°C. 

Per cent, 
breakage 

29*1 

52-7 

30-8 

63*2 

32-4 

62*4 

32*0 

63*7 

32*0 

55*0 

32*2 

65*5 

32-8 

56*9 

32*4 

56*4 

28-4 

62*8 

29*0 

63*6 

29-4 

64*6 

29-3 

53*9 

29*2 

63*5 

29-7 

63*1 

30*8 

63*6 

30*8 

64*9 
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^ correlation of -6674 between Imdi temperature and breakage per cent, was 
obtained, lower than for the other two varieties but nevertheless reliable (f about 
■02). The regression coefficient of breakage on temperature was 0'66. 

Although the data available do not permit any certain conclusions regarding 
the regression of temperature on breakage, they demonstrate the close relationship 
between these variables and that the control of the temperature during polishing is 
of practical importance to millers and may be a source of serious error in laboratory 
milling tests. 
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PLATE L. 


Fig. 2. — ^An Amrhi apple after twentietii day 
of inoculation with A. 7iiger, 


Fig, 3.— Purple brown masses of spore-heads in irregular zones, 
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(With. Plate Land three text-figures )v. • ^ . j 

' I. Inteobuotion. ■ | 

A very large proportion of the apples in the markets in' the United Provinces ^ [ 

are nsnally found to be damaged by a kind of soft rot. This rot may be only a I 

small circular spot a few millimeters wide or the whole apple may be converted into 

a pulpy mass. According to the extent of the rot the market value of the fruit is 
reduced or it may become totally unfit for consumption and unsaleable. The ! 

dealers are thus put to a great deal of loss ever}?’ year. All the varieties are | 

affected, but the sour ones are particularly susceptible. 

In the earlier stages the decay is characterized by a small water-soaked area j 

surrounding a bruise or an insect puncture. It soon increases in size, assuming a t 

pinkish brown colour and becomes quite soft and sunken. The browning is more f 

prominent on the green or yeUow varieties (Plate ^ 1). Within a few days the ■ I; 

rot spreads to the whole of the apple, changing it into a soft pulpy mass. The ^ 

dark brown sunken patch is surrounded by a lighter area which sometime appears 
as an irregular zone. As the patch becomes progressively 'softer it sinks further, 
and the skin, which remains unaffected ^and intAct over the patch, is thrown into 
wrinkles and appears more shiny ; and* moist. ^ of any kind is 

noticed on the surface of the rotted apple. Huber [1930] has described similar 
decay of apples as his form No, 6, which he found to be caused by Aspergillus niger. 

II. Method^ 

The soft flesh from the interior of the' rotted portion showed, under the 
microscope, a network of fungal hyphee permeating the mass, while the host cells 
floated loose in the mount. In order to isolate the fur^us a number of applcvS in 

varying stages of rotting .was Kselected. They were dipped in mercuric chloride 
(‘01 per cent, solution) for half an hour and then repeatedly washed with sterile 
water. A slit w as made near the periphery of the rotted area ’with a flamed knife, 
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the skill was peeled off and with a sterile needle a small portion of the flesh was 
quicklv transferred to a sterile Petri dish containing 7*6 per cent, rice agar medirnn. 
A large number of such transfers was made in separate dishes. The dishes were 
kept at room temperature (average mean, 72°F.). Within three days there was, in 
all the Petri dishes, a good fungus growth spreading on the surface and partially 
submerged just below the surface of the medium* With a few" exceptions every 
such isolation gave the same type of fungus colony* 

Transfers from the extreme edges of these colonies were made in Czapek 
solution agar medium in Petri dishes. In this medium also there were on the third 
day, submerged colonies similar to those developing on rice agar medium, about 2 
cm. in diameter. In the middle of the colonies appeared purple brown masses of 
spore-heads arranged in irregular circular zones (Plate L, fig. 3). The colour of 
the medium remained unchanged, and the colony appeared white and felted from 
below. 

In its morphological characters, described below, this fungus agreed with that 
of Aspergillus niger Van Tieghem. The fungus isolated from this soft rot of apples 
may thus be similar to Huber's [1930] Form No. 5. 

III. Morphological characters op the fungus, growing in Ozapek 

SOLUTION AGAR ME3>IUM. 

The head.-— T.lie heads in mass appeared brown 
with a purple hue ; singly they were light brown; 
globose 75-lOOp. in diameter,* slightly rimose at the 
periphery ; viewed from the top, the mature heads 
appeared stellate with a number of irregular stel la 
or arms, each made up of a bunch of chains of 
spores. The vesicle was globose, rather thick 
walled, 60-70^ in diameter,* faintly coloured. The 
sterigmata were uniform in one series, closely radia^ 
ting from the entire surface, nomseptate, without 
proliferation, 7p. long broad (Fig. 1). 



* Average of 120 readings. 
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The stalk.—Hk^ foot-cells were well \ 
difierentiated with colourless walls submerged ^ 

in the medium, (Fig. 2). Those of older stalks ^,r: 

were provided with one or more stout projec- ^ 

tions which served as anchors (Fig. 3). The 

stalk was SOOp. to 800p long, 12 p broad,* ^ 4 

Boaseptate, witli uniformly thickened smooth 
wall, light brown in colour slightly deeper 
below the vesicle. The brown colour origi- 
natins a little distance above the foot- cell. 

. ^ Fig. 2.--.Tlie base of tlie stalk of 

, - _ Aapergillm niger, a -The foot-cell ; 6 — 

VonidiOi , — The conidia were globose j 3 P The vegetative cells. (Camera-lucida draw- 




to 4 pt in diameter, pinkish, spinuiose with 
the spines deeper in colour due io the colour 


No sclerotia were noticed on 

rice medium or on Czapek and EichardsV 

# 

media. 


iiig x900.) 






PentheGia.—'^o peritbecia were produced 
in culture over two months old. 


Fig. The foot -cell of the stalk of A&per^ 
[fillus niger. a — The anchor ; ft— The vegetative 
ceils. (Camera-lucida drawing. X90O). 


IV. Inoculations. 

In order to test whether the isolated from the decomposed apple 

was responsible for bringing about the rot, a series of inoculations were made of 
healthy apples of different varieties, with the pure cultures of the fungus. The 
results of one of the series carried out with the variety of apple known avs the 
Amrhi from Kashmir are tabulated below (Table I), The apples for inoculation 


^ Average of 50 readings, 
f Average of 250 readings. 


"T,' 


'' ‘ I 





666 


INDIAN JOTONAL OP AOEICULTUEAt SCIENCE 


EIII, iv. 


were dipped in mercuric ohloride (O'Ol per cent, solution) for fifteen minutes 
and then washed repeatedly in sterile water. They were kept in deep covered 
dishes contaiuijng wet blotting paper, which was previously sterilized in the 
autoclave. Stab inoculations were made by placing loopfuls of the mycelium 
on the surface of the apple and stabbing it through the mycelial mass to depths 
of about half an inch by means of a sterilized needle. In the slit or incision 
inoculations the loopful of mycelium was inserted inside the incision, cut to a 
depth of about half an inch by a sterilized scalpel. Slab.s were inoculated by 
smearing a loopful of the fungus growth on slices of apple about a quarter inch 
thick, out under aseptic conditioris, and placed in sterilized moist chambers. 
E’er each set, controls were started, in which similar operations were done, except 
inoculating with the fungus. In the last series the loopfuls of mycelial masses 
vvere placed on the uninjured surface of the apple. 

Every one of these inoculations, in which the fungus was introduced through 
wounds in the skin, the rot was successfully induced, the controls remaining 
unaltered. In the last set, however, where the fungus was placed on uninjured 
surface of the apple there was no rotting. The fungus was recovered from these 
rotted spots and in every case it agreed with the morphological characters of 
As’pergillus niger with which they were inoculated. 


Table I. 

Results of inoculation of the apple with Aspergillus niger. 
Variety of apple : — ^Amrhi (Kashmir). 

Temp., ^ov. 25, 70; F. 

Date of inoculation Nov. 16. • 


Nature of 
inoculation 

Progress of rot 

Becovery of 
fungus by 
reisolation 

Not. 16 

Nov. 21 

Nov. 28 

Deo. 6 

Dec. 12 

' 

I — Inocula- 
















Stab No 1 

Slightly 

Brown spot 

Same 1 cm.. 

Same 4 cm. j 


i 

Beisolated 


wacer- 

5 mm. 

slight zona-l 

diam., skin 



on Gzapek 


soaked 

diam. 

tion at 

wrinkled. 


All coales- 

medium on 


round the 


periphery. 



ced. 

Deo. 12. 


stab- 





More than 

Eesult,— 

„ 2 

vSiightly 

Brown spot : 

Same 5mm. 

Same 5 cm. 


half the 

Dehnitely 


water- 

5 mm. 

diam., no 

diam., skin 


y apple 

positive. 


soaked 

diam. 

zonation. 

wrinkled. 


has rot- ^ 

Spores ap- 


round the 

1 




ted. The 

peared in 


stab. 





skin is 

the middle 


Slightly 

Brown spot 

Same dry- 

Same 1 cm. 


wrinkled. 

of the colo- 


water- 

2 mm. 

ing up. 

diam., skin 

1 


ny on Deo. 


soaked 

diam. 


wrinkled. 



15. 


round the 








stab. 
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Table I — corM. 


Sion. 


Nature of 
inoculation 

Control — Stab 


II— Inocula- 
tion — ■ 

Incision No. 1. 


Control— Inoi- 


111— Inooula- 
tion — 
Slice No. 1 


Nov. 16 

Dry and 
brown. No 
I change in 
surround- 
ing tissue. 

Browning 
about 
1 mm. both 
sides of 
the out. 

Browning 
about 
1 mm. both 
sides of 
the cut. 
Browning 
is more 
than 2 mm. 
wide. 

Dry. No 
change 
beyond 
the cut. 


Soft below 
the infec- 
tion drop. 


Progress of rot 


Nov. 28 


Dec. 12 


I Beooveiy of 
I fungus by 
reisolation 


No change . No change . No change . No change. 


Brown spot 
elliptical 
about 1 cm. 
in middle. 


Brown spot 
elliptical 
about 

2 mm. in 
middle. 

Brown spot 
elliptical 
about 

3 mm. in 
middle. 

i No change . 


Same 1 cm. h 


; Soft below 
the infec- 
tion drop. 


I Soft below 
the infec- 
tion drop. 


Control — Slice No change . 
IV — inocula- 
tion — 

Uninjured 

No. 1 No change 

f» ft 2 ft ft 

ft tf ^ 


in middle. 


Same about 
5 ram. in 
middle. 


I Coalesced. 

! Combined 
f diam. — 
5 cm. 


I All coales- 
I ced, 

I Nearly 
y half the 
apple 
has rot- 
ted. 


Same 3 mm. Same — 1 . 
in middle, 1*5 cm. 


No change . No change . No change. 


Slice com- Spores ap- Covered 
pletely rot- pearing in with spores, 
ted, dark- centre, 
brown 
colour. 


Slice com- 
pletely rot- 
ted, dark- 
brown 
colour. 

Slice com- 
pletely rot- 
ted, dark- 
brown 
colour. 

No change . 


Spores ap- Thickly co- 
pearing in vered with 
centre. spores. 


Dried up 


Reisolated 
on Czapek 
medium on 
Dec. 12. 
Result,— 
Desfinitely 
posit i V e . 
Spores ap- 
peared in 
the middle 
of the colo- 
ny on Dec. 
14. 


Reisolated 
on Czap e k 
medium on 
Nov. 21. 
Res u 1 1,— 
Definitely 
pos i t i VO. 
0 o 1 o n y 
thickly spo* 
rulating. 


No change , No change . No change. 


No change . No change . No change . No change. 
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Thus it is conclusively proved that the kind of soft rot of stored apples in the 
United Provinces; described in this paper, is caused by 

fungus is unable to make its way through uninjured skin-surface and can cause the 
rot only when it reaches the flesh through broken surface of the skin, like bruises or 
insect punctures. 

Plate L, fig. 2 is a photograph, taken on the twentieth day, of one of the apples 
inoculated with the fungus. The inoculation was done by incision at three places 
marked wirh crosses in the figure. The three rotted areas coalesced into one big 
spot. There was no fruiting of the fungus on it. 

V. Action OF THE FUNGUS ON HOST TISSUE. 

It has been shown that Asfergilhis niger is incapable of penetrating through 
uninjured skin of the apple. But once it reaches the interior of the fruit it grows 
rapidly after the first few days, bringing about quick dissolution of the cell wall and 
break-down of the tissue. This action takes place in advance of the invading 
hyphee, for although near the periphery of the rotted spot the tissue becomes quite 
soft and pulpy, there is little of the mycelial network. The softening is brought 
about probably by an enzyme secreted by the invading hyphee. That the mycelium 
of Aspergillus niger contains an active principle capable of dissolving the host tissue 
was proved by treating pieces of apple with the mycelial extract. The latter was 
prepared by William’s [1016] method. Three days old cultures of Aspergillus niger^ 
in Richards\solution, was dried in the sun and thoroughly pounded , with clean 
W' ashed sand. The mycelium in mass was . slimy and gelatinous in consistency. 
When pounding with sand it gave off a pungent smell. The pounded mass was 
soaked in w-ater for an hour with frequent stirring. It W'as then centrifuged and the 
supernatant liquid pomed off. In this liquid were dipped discs of the apple core 
about a centimeter in diameter, cut out with a clean cork borer, and sliced off to 
the thickness of a millimeter each. Some discs were also kept in Richards’ solution 
as the control. Within four hours, those in the fungus extract became soft, and 
after twenty hours changed into a pulpy mass. Under the microscope the loose 
cells could be seen floating in the drop. The control discs were quite intact and 
remained firm and spongy even after twenty-four hours. Thus an extract of the 
mycelium was obtained which was able to act on the cell wall dissolving the middle 
lamella and letting loose the cells of the tissue. The extract was destroyed by 
heating to TO'^C. There was indication, therefore, that the active agent in the 

* Since sending the paper for pxiblicatlon, an abstract of a paper entitled “ Diseases of Kashmir 
Apples*’ by Pnshkar Natb (Abstracts of papers Indian Science Con«ress Sec. 5 Bot, 1933) has been 
published. He isolated m AspergiUuss^, from an apple rot and succeeded in establishing its 
pathogenicity. ,, . ' 
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extract was of the nature of enzyme. The softening of the host tissue in the waher- 
soaked area around the rotted spot, where the mycelium was not abundant, might 
be due to the action in advance of the same enzyme secreted by the growing 
hyphee. In the region thus killed and softened by its enzyme, the mycelium pene- 
trated more easily. That the progress of the fungus is dependent on killing m 
advance of the surrounding tissue is further proved by the fact that in all inocula- 
tion experiments the progress of the rot during the first few days (Table I), when 
the mycelial growth was not greSit, was rather slow, while it spread more rapidly 
later on, when the mycelium had grown bigger and was secreting the enzyme in 
sufiicient quantity to cause softening of the surrounding host tissue over larger 
area. 

VI. Eeaotion oe the medium on the growth of the fungus. 

It has been mentioned before that the sour varieties of apples are found to be 
more susceptible to the soft rot. To examine whether this susceptibility is condi- 
tioned by the acidity of the substratum, a series of plate cultures of the fungus was 
made in Czapek solution of different acidity. This solution, as prepared, was 
neutral. To it were added different quantities of normal malic acid to bring the 
reaction varying from -j- 2'5 to -f 26 (Fuller’s scale). The results are given in 
Table II. 

Table II. 

Rate of growth 0 / Aspergillus niger in media of different acidity. 

(Number of cultures — 6. Date of inoculation— 24th November 1932. 


Temperature — -max. 76°F., min. 62°F.) 
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TMs table gives the rate of gro-w-th of the fungus on neutral to +25 media. 
In this series 2 per cent, agar-agar was added in each, but due to the strong acid 
nature of the solution, Nos. 6, 6 and 7 did not solidify. In this table the average 
measurements of the colonies in six different plate cultures are given. It is clear 
from this table that the fungus prefers strong acid medium. 

That this marked increase in growth in the stronger acid ranges might not be 
due to the liquid nature of the medium, and also to make an effort to find out the 
amount of acidity providing the optimum condition for growth, another series of 
plate cultures were made (Table HI). In this series no agar-agar was added. The 
range of acidity varied from +5 to +40. Six plates were prepared for each of 
the series and the measurements given in the table are again the average diameter 
of six colonies from six different plates. 

In both these experiments the cultures were, in every case, made in Petri 
dishes with internal diameter of 9 cm. ; each containing 10 c.c. of the culture medium. 

Tabm III. 


Rale of growth of Aspergillus niger in media of different acidity. 
(Number of cultures — 6. Date of inoculation — ^2nd December 1932. 
Temperature — ^max. 72°P., min. 60°F.) 


Reaction of medium 
(Fuller’s scale) 

Average diameter of colonies in cm. on 

6-12-32 

7-12-32 

8.12-32 

9.12-32 

-{-.5 

0-62 

0*76 

0*92 

1*28 

+10 

0-83 

1*63 

1*77 

2*0 

+15 

0*9 

1*73 

2*0 

2*2 

"f* 20 

6*95 

1*76 

2*0 

2*2 

+25 

1*37 

2*04 

2*36 

3*8 

+30 

1*63 

2*07 

2*3 

3*6 

+36 

1*5 

1-78 

2*04 

2*66 

+40 

I'l 

1*44 

1*8 

2*0 


In this series also the maximum growth was obtained in +26 and +30 solu- 
■;laons; and since aU the solutions in the series were of the same density, greater 
,^owth at +26 in the last series was not due to the liquid nature of the medium, 
|aittQ.iliaJhfiing.mcuft acid. thftn.-the.cttliers, .From Table III Jb is_alsD dear 
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that with tlie increase of acidity beyond +30 the rate of growth decreases. Thus 
the optimnm reaction of the medium for this Aspergillus niger lies between + 25 
and +30. The pH value of these solutions has been determined to be 3*8 and 3*4 
respectively. Webb [1919] found that the spores of Aspergillus niger showed a 
maximum of germination in lf/5 mannite solution at pH 2*8-3*l. The present ex- 
periments have proved that the medium with hydrogen-ion concentration lying 
between 3*4 and 3*8 is also the most favourable for the mycelial growth of Asper- 
gillus niger. Hence the greater susceptibility to rotting of some varieties of 
apples by Aspergillus niger depends on their sourness. 

Less rapid growth in the second series of these plate cultures, as compared to 
the first, may be explained by the fact, that in the second series the major portion 
of the mycelial growth, which appeared like a thick gelatinous mass, sank and was 
lying immered in the watery solution, and was not therefore growing in the 
optimum condition of oxygen supply. In the first series on the other hand, 
although Nos. 6, 6 and 7 remained liquid, their consistency was thicker and the 
colonies were mostly floating on the surface. Also the mean temperature of the 
laboratory during the second series was lower by about 4'^F. 


VII. Oxygen eelation. 

That plentiful supply of oxygen is necessary for the growth of Aspergillus niger 
was demonstrated by making cultures on Ozapek medium according to Wright^s 
[1900] method of anaerobic cultures for bacteria. Three slants of the medium in 
test tubes were thickly sown with the spores from a two-week old culture. The 
cotton plugs were pushed in about an inch and then soaked with 2 c.c. of freshly 
prepared 10 per cent, solution of pyrogaUic acid, over which were next poured 2 c.c. 
of saturated solution of caustic soda. The mouths of the test tubes were immediate- 
ly closed with tight-fitting rubber stoppers and sealed with melted parafiSn. The 
oxygen present in the tubes being absorl>ed by the mixture of pyrogallic acid and 
caustic soda, none of it was available to the spores. Even after a week these tubes 
did not show any growth, while untreated (control) tubes had large freely-sporing 
colonies within four days. 


VXII. GoNTBOL OF THE EOT. 

The above study of the behaviour of Aspergillus niger in causing soft rot in 
apples has shown that the fungus is unable to penetrate into the apple except 
through the injured skin. Its prevention, therefore, lies in careful handling of the 
fruit to avoid bruises. It is suggested that particular care should be taken at the 
time of picking. The fruits should not be allowed to drop on the ground, but be 
gently lifted by hand and carefully placed in baskets or boxes, the sides and bottom 
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of which are padded with dry moss. Before storage they should be examined once 
again and each wrapped separately in tissue paper. For export the wrapped fruits 
sLuld be tightly packed in dry moss inboxes to prevent shaking and rubbing. 
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X. SUMMAKY. 

A very large proportion of the apples in the markets in the United Provinces 

are damaged by a kind of soft rot. The sour apples are more susceptible. 

niper was isolated from these rotted apples. 

Inoculation through wounds of sound apples with pure culture of this 

produced the characteristic rot within a short time. The fungus 

was successfully re-isolated from it. 

The fungus was unable to enter through uninjured skin of the apple. 

The softening of the flesh of apple is due to an en 2 yme secreted by the invading 
hypha. The progress of the latter depends on killing in advance of the surrounding 
tissue by this enzyme. 

The greater susceptibility to rotting of some varieties of apples by Aspeiyillm 
niger depends on their sourness. The optimum reaction lies between + 26 and + 30 
of malic acid. 

Asper^llMs is strongly aerobic. 

Prevention of the soft rot lies in careful handling of the fruit to avoid bruisf^s . 
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Introbxjction, 

Owing to the peculiar climatic conditions of the province, the cultivation of 
bananas in the Punjab has not been carried on to any great extent. Nevertheless 
the increasing importation of this fruit from other parts of India clearly shows 
that there is a large demand for it in this province. The efforts of the Department 

of Agriculture have been in recent years concentrated on finding out some suitable 

varieties by trials of bananas coUected from all over India and even outside. 

Darin<» the summer of 1932, some diseases made their appearance in the ex- 
nerimentaf banana plot, in the Botanical Area atLyallpur. Survey of the fruit 
markets and fruit stalls of some of the important towns (Lyallpur, Lahore, Jhelum) 

revealed that a high percentage of bananas, mostly imported, were also affected 

with such diseases, showing that these are most probably present in other banana- 
growing parts of India as well. Subsec[uently it was observed that these diseases 
occurred in the banana plantation in Amritsar and Lahore. 

This paper embodies some preliminary observations made on the various 
diseases, their causal organisms and their methods of control, both in the plantation 
and storage. 

Matiirial and methods. 

The banana plantation from which material for this investigation was taken 

was planted in 1930, and occupies about one acre. It consists of over 80 varieties 
of bananas including both culinary and ‘ table ’ varieties. 

A survey of the plantation in July 1932, revealed the existence of the following 

different types of diseases 

(1) Main stalk rot. 

(2) Black-tip or finger-tip. 

(3) Pseudo-stem rot . 

(4) Leaf-spot. 

(5) Peculiar curvature of the midrib and crumpling of leaves. 
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Ie addition to these the followiag diseases were observed in the cEring pit and 
storage. 

(€») Green ripeness. 

0) Stem-end rot. 

(c) Finger-stalk rot. 

(d) Unsightly skin blemishes. 

By the Esnal mycological methods, a very large number of isolations were 
made. Those fungi which appeared most frequently w'ere taken up, purified and 
tried on bananas under controlled conditions to determine the active causal ageiit. 
In almost every case a species oi Glwspormm or that of Botryodiplodia was obtained 
associated, at times, with some Fusaria. No successful inoculations were obtained 
with any of the Sjp. thus isolated. It is possible that these fungi may 

be accentuating the attack when once it is started. To ensure purity of cultures 
for further work, the start was made in each case by Brown's single hyphal tip 
method [1924] and the stock cultures were kept on the slants of potato extract agar. 

For inoculation purposes, the bunches were cut up into hands," washed, 
sterilized in 1/1,000 mercuric chloride solution for 10 minutes, followed by thorough 
washing with several changes of distilled sterile w^ater, allowed to dry and then 
inoculated with the required fungi by Granger and Horne's plug method [1924]. 
The inoculated bunches were wrapped up in sterilized tissue papers after smearing 
the cut ends of the main stalk with vaseline. The bunches were placed at the 
desired temperature in incubators. 

For cultural study the following media were used : — 

(1) Richards' agar. 

(2) Potato extract agar. 

(3) Brown's synthetic agar. 

To avoid confusion it may be mentioned that the terminology followed is as 
given below 

1. ‘‘Finger" . , Individual banana fruit. 

2. Finger stalk " . The short stalk of each banana fruit. 

3. “ Hand " . . A cluster of individual “ fingers 

4. “Cushion" . , Where several finger stalks meet to form a 

“hand" and these cushions project out 
from the main stalk of the whole bunch. 

6. “Main stalk" . . The central axis. 

Observations. 

The diseases generally met with may be divided into : — 

(i) Diseases in the plantation. 

(ii) Diseases in storage. 
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Plantation diseases. 

Main stalk rot, — The disease originates as a dark brown patch from the central 
point of the marked curvature of the main stalk, formed as a result of the tremen- 
dous weight of the bunch hanging below. It then gradually spreads downward and 
passes on to the fruit and upwards as far as the point at which it emerges from the 
plant. The disease considerably retards the development of she fruit and weakens 
the main stalk to such an extent that the entire bunch, and, in some cases the main 
plant itself, gets blown down by strong winds, that are so frequent in the Punjab 
during the summer season. The affected tissue shrivels, dries up and shows consi- 
derable amount of shredding. In advanced stages the pustules of Ol^osporium are 
often observed giving the surface a dull rusty appearance. It is more or less a dry 
rot, but when it extends to the pseudo-stem where it meets comparatively soft 
tissue with high moisture contents, it turns into wet rot and progresses very rapidly. 
At this stage the entire plant is liable to get blown down by even a mild wind. 

If the infection starts during the early stages the entire bunch is destroyed. 
On the other hand if infection takes place at a comparatively later stage only the 
uppermost hand or two may be affected (Plate LI, fig. 1). 

This disease is not so prevalent in the varieties having horizontal bunches, but 
unfortunately all our table varieties are of pendent bunch habit. None of the 
varieties present here showed immunity. In this case the causal organisms are 
Q^osporium sp. and Botryodiplodia, The disease has been reproduced with all its 
characteristic symptoms by artificial inoculation both in the laboratory and in the 
plantation. 

'' Bhck4ip '' or ‘'finger-tip — The characteristic symptoms of the disease are 
the unsightly black appearance of the tip (distal end) of immature fruit, followed 
by a premature yellowing of the lower healthy portion. In advanced cases the 
pulp becomes soft and watery with a peculiar odour, while the skin becomes dark 
and wrinkled (Plate LII, fig. 1). At this stage numerous small black pycnidia can 
be observed emerging through skin, from which pure cultures of Botryodiplodia 
have been isolated. The extent of damage in some cases has been noticed to be as 
high as 20 per cent. 

The source of infection is the persistent perianth. The disease originates in the 
decayed perianth or style from where it gradually spreads along the fruit causing a 
blackish discolouration of the skin. The causal organism has been often isolated 
from the persistent perianth. 

In one experiment an apparently healthy immature bunch of bananas (culinary 
variety, with persistent perianth) was obtained from the plantation, and was cut 
into hands, which were then incubated in sterile moist chamber dishes. By the 
sixth day most of them had developed the 
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yaiiced ca^es tlie tiny black pyciiidia were in great abundance and even the dark 
grey hypke oithe fungus were noticeable by the 

In order to obtain conclusive results another buncli of the same variety was 
obtained, cut into hands, sterili^ied in Od. per cent, mercuric chloride solution and 
Were then inoculated BotryodvploMa pure culture, by the "plug ' method. Two 
plugs were bored out on each finger. In one of the cavities of each an inoculum of 
the fungus was giveu, while the other was left as cojitroL Besides these, two 
or three fingers in each hand were also left uninociilated. The inoculated bunches 
were placed in potato dishes containing moist thick blotting paper in the lid and 
bottom to maintain good humid conditions. 

On the very next day a tuft of fungal hypha? coiiid be seen in the inoculated 
cavities. By the third day the attack had staided and in another two days had 
developed the typical finger-tip disease, while the controls remained sound. 

The original fungus was re-obtained from all these cases. This experiment was 
conducted at room temperature (2S-30^ 0.) . 

In another experiment the fruits were inoculated in exactly the same manner, 
but were divided into two lots. In one of the lots there were no moist blotting 
papers in the potato dishes. One potato dish from each lot was placed at a 
temperature of 14-15\ 20^, 25^ 30° 35^ and 40° 0. Maximum infection, as is 
evident from the table below, was obtained at a relatively high temperature 
under moist condition. This explains the prevalence of the disease in the 
plantation in the hot and humid months of rainy season (June, July and August) . 


Table I. 


MffeGt oj tempemture md humidity on blaoJc4ip infection, {Duration experiment 

10 days,) 



Dry 

Moist 

Peroeata-ge 

mfeotioa 

14-16° 0. 





Bry 



•V 6" 

Bo. . 

• • 

. * % 




Moist 


6 

20" C. . . . 





Bry . 



10 

Bo. . 

. • 





Moist 


12 

ss'* e. , 

. . 

« « 



Dry 



25 

, Bo. , 

, , 





Moist 


45 

jar 0 . . . 


■ ■■ • ■ 



Dry" . 

• • 


10 

. Bo. 






Moist 


75 

35° 0 . . , 

■■ , ... 




Dry 



10 

■ Do. ' - 






Moist 


90 

40 ° 0 . .. 





Djgr' 



0 

- Do. . 

* 



. . ' 


Moist 


10 
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The difference in the extent of infection for dry and ' ' moist '' conditions is 
more marked at higher temperature. Whether this difference is hrought about 
solely by a rise in the temperature or by the relatively high humidity is a question 
that needs further investigation. 

The sudden decrease in the number of fingers affected at 40 ° C. under '' dry """ 
conditions may be merely due to the drying up of the inoculum. 

Pseudo-stem foL— This h one of the most serious troubles of the plantation 
(Plat;^ LI, fig. 3). The disease causes the rotting of pseudo-stem of the young 
suckers planted for propagation, destroying completely the central growing bud. 
Among the suckers planted in July, August and September of 12 different varieties 
as many as 60-80 per cent, failed to come up. The data are represented in the 
' table' below 


Table II. 


Bate of 
planting 

Variety 

No. of 
suckers 
planted 

Ho. failed 
to grow 
(pseudo- 
stem rot) 

Ho. 

grow- 

ing 

Bemarks 

28 tb. August 1932 

“ Guilthlabeim *’ 

5 

6 

0 


9 » 

99 

99 

** China ohumpa ’’ 

19 

17 

2 

Just struggling along. 

»» 

99 

99 

** Amritsar ” 

5 

2 

3 

Only 1 healthy, 2 merely 

7 * 

99 

99 

** Amartaman ** 

16 

6 

10 

struggling on. 

Only 3 healthy. 

»> 

99 

99 

** Rawalpindi ” 

5 

0 

6 

Only 1 healthy. 

>9 

•9 

99 

** Borobalai ” 

15 

14 

1 

1 f airly healthy. 

99 

99 

99 

** Saharanpur 81’* 

3 

3 

> I 


99 

99 

99 

" Saharanpur 79.’ 

3 

0 

3 

Just struggling along. 

99 

99 

99 

** Ramkela ” 

6 

6 

0 


9” 

99 

99 

Ilaohi ” 

6 

2 

3 

J ust struggling along. 

91 

99 

99 

“Blsi” 

4 

2 

2 

Only 1 fairly healthy. 

99 

99 

99 

Kanai bansi ” 

10 

6 

5 

Only struggling along. 

99 

99 


Eajpuri ” 

5 

4 

1 

1 healthy. 


The extent of damage is markedly greater in suckers, which were topped before 
planting. 
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Okosporwm anA Bof/ryodiplodia, along with, some bacteria have been frequent- 
ly isolated from the affected stickers. 

It has been observed in practically every banana afflicted with this malady, 
that the disease is confined only to the pseudo-stem and does not affect the corm, 
the real underground stem. This being so, the control of the disease lies in the 
complete severance of the pseud Osstem from the corm, and planting the latter after 
dipping in some suitable disinfectant (2 per cent, copper sulphate has proved 
very effective). 

In one typical experiment 24 young suckers were obtained from the plantation. 
Half of them were topped in the usual way leaving about 18 in. of trunk above the 
corm and planted immediately in pots. The othfer half were severed off in level 
with the corm, treated with 2 per cent, copper sulphate solution for 10 minutes, 
dried in the sun and then planted into pots, filled with the same soil as the other 
half. All of them were placed in the glass house and watered every morning. 

The treated ones gave perfectly healthy secondary suckers and in some cases 
even healthy primary suckers. Only two out of these 12 failed to come up w^hile in 
the untreated lot 10 died of the pseudo-stem rot and the remaining 2 seemed 
merely struggling along. 

In view of above results, it appears that the most feasible way of establishing 
healthy plantation is either by selecting young healthy secondary suckers (Plate LI, 
fig. 2) or by selecting disease-free conns, w'hich should be treated as described above, 
prior to planting. 

Lmf-spot.—Thh disease was noticed to be particularly severe in M. Cavendish 
variety and to a less degree in several others. The symptoms of the disease are 
localised, light brown dry patches with a bright yellow margin which gradually 
spread and destroy the entire leaf tissue affected (Plate LII, fig. 2 a). The most 
peculiar characteristic of this disease is the occurrence of the disease spots invariably 
on only one-half of the leaf blade, near the margin. ThivS is most probably due to 
the fact that infection takes place before the leaf unfolds itself . As the leaf is 
roUed up at this stage, it is but natural that only the half lamina on the outside 
should get infected. 

This disease having been found to affect, so far, mostly those varieties which 
have not given any indication of thriving under the Punjab conditions, no attempts 
have been made to isolate the causal agent and study it in more detail. 

Peculiar Gurvuture of the midrib , — The symptoms of the disease consist in a 
peculiar curvature of the midrib of a few leaves. The leaf blades also exhibit 
peculiar distortion in parts, where the veins lose their natural parallel position. 
The affected portion is definitely of a lighter green colour indicating partial loss of 
chlorophyll contents and is comparatively more brittle (Plate LII, fig. 26). 
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In this case as well, no further study has been made since affected varieties I 

have not proved promising under local conditions. [ 

■ . i 

Storage diseases. | 

Green ripeness is that stage of the frait when it fails to develop the proper ! 

ripe yellow colour. The fruit remains green or at the most a shade of dull yellow, | 

while the pulp within gets soft to the ripe or even over-ripe smge without develop- \ 

ing the requisite flavour or taste. Eepeated attempts at isolation from affected f 

fruits have failed to yield any fungal or bacterial organisms. As the disease has 
been invariably found to occur during exceptionally hot summer days both in the ; I 

plantation and the curing pit, it is reasonable to assume that it is merely a physio- ; i 

logical break-down attributable to high temperature. This view has been con- \ 

firmed in various curing trials carried out at an abnormally high temperature of ^ 

45®-60®0. ; while hands from the same bunches cured at lower temperature ranging \ 

from 16°-40®C. were free from this disease. | 

Stem-end rot,— This is a very serious disease met with in the curing pit. The t 

disease starts from the cut end of the peduncle, spreads rapidly down the entire I 

length of the stalk rendering it black and soft, passing at the same time into the [ 

cushion, finger stalks and fingers causing complete rot of all in severe cases. The i i 

disease has been found to exist to varying extent invariably in all the bunches in ^ 

the curing pit at Lyallpur as well as the various banana store-houses visited 
at Lahore, Lyallpur and Jhelum. As both local and imported varieties have been | 

found to be affected, there is reason to believe that this disease must be prevalent 
throughout the country. . 

The fungi responsible for this disease b,xq ^osporium Sbiid Botfgodiphdia. 

Eepeated isolation from the diseased material alrnost always yielded these two 
organisms. At an advanced stage of attack it is not uncommon to see the salmon 
or rusty coloured acervuli of Gleosporium on the dead parts or the numerous tiny 
black pycrddia of Botryodiplodia breaking through the skin. ^ . 

Under controlled laboratory conditions with pure cultures of Q¥eosporium sp. 

Botryodiplodia sp., the dismse has been successfully reprod^ed with all its 
characteristic symptoms. 

A typical experiment is described below. 

Two bunches of the same variety and practically of the same age were cut into 
individual hands, with 3-4 inches of peduncle with each, sterilized and inoculated 
vnth Gleosporium ox Botryodiplodia on the oential B.:ds on one end. Two of these 
hands (one from each bunch) were left uninocuiated to serve as controls. All these 
bunches w ere placed in moist chamber dishes and incubated at 28°-30°0. 

The disease with all its characteristics developed in all the cases, attacking the 
main stem to start with, rendering it soft and black, and gradually passed into the 
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cusMons and (Plate lilll, fig, 1). The controls remained 

■sound all tliediine. ■; ■ '! 

This disease is not confined to anj particular variety. It afiects all the 
varieties growing in the experimental plantation more or less to the same extent. 

The experinientB under controlled conditions as well as the observations made 
have clearly brought out the fact that temperature is one of the main contributive 
factors to tJie damage caused by these fungi. 

Two lots* consisting of six hands each were inoculated with the two fungi and 
wrapped in tissue paper. One hand from each lot was placed at 15°, 20°, 26°, 30°, 
35°, and 40°C. An uninociilated hand w’as also kept at each of these temperatures 
for control purposes. 

The progress of disease at the end of 10 days is graphically represented below* 
The controls remained vsoiind in all the cases. 


[ Severe. 



/Srver?- 

Maih 6TA\K 

I SUGHT 



Big. 1. Showing effect of tempefatitre on storage rot of bananas (Gleosporium and BotryodiplodiaSi. 



PLATE LIIT. 



Fig. 1.— A “ hand ” showing typical attack of Gleosporiutn progressed to the finger-stalks. 


o> 


0 0 ^oO 

G QSPOf^^UM X440 


0 0 

n a'-’ 


0 

c> 


o 


0 


0 


cP 


(R 


1 chard's agar at 25 


CigEOSPORIUM Sy>. X ■4- A- O 

ON Banana fbuh esc. 


^ Cb 

BoT RVOniPLODIA Sip X440 
Richards’ agar 



DISEASES OE bananas AND THEIIt METHOD OP CONTBOL 


681 


It is cleaiv from Fig. 1 tliat tke spread of tlie disease is more or less iii direct 
proportion to the temperature. From a slight attack of the disease ohser\red in 
the bunch at the low temperatures of 15° and 20°0. it has progressed to the cushion 
at 25°, to the fingers at 36° and 4:0°0. 

The above results go to confirm the observations made in curing pit where 
the severity of the attack is very pronounced during the hot summer months of 
May to August. 

The practical application of the above results in the ciiriiig of fruits, as well 
as in finding out the proper season of planting suckers to obtain mature fruit at 
the most favourable period of the year, are questions of undoubted importance 
and require to be emphasised. 

In the matter of preliminary treatment of the bunches prior to carrying them 
to the curing pit, various trials conducted have proved the efficacy of smearing the 
cut end of the bunches with a thin coating of vaseline, preferably wax and vaseline 
mixture, and wrapping them with sterile grease-proof paper in the manner suggested 
by Tomkins [1931]. It is therefore recommended that the bunches should be 
subjected to this treatment before sending them to the curing pit. 

Unsightly skin blemishes , — These blemishes occur on fingers when exposed to air 
after they are removed from the curing pit. Even the most attractive yellow 
fruit develops these blemishes within an hour or two of removal from pit, rendering 
them most unsightly. 

Observations made in the curing pit as well as the results obtained under 
controlled conditions have revealed the fact that these blemishes are mainly caused 
when the temperature at the time of curing is comparatively high. The fruits 
cured at 35°-40°Ov have* invariably developed the symptoms after a brief exposure 
to the air while the hands from the same bunch cured at lower temperatures of 
15° and 20°C. remained free from blemishes for about two days. 

Finger stalk rot, —It is merely an incidence of localized infection, caused chiefly 
by Gfeosfofium sf. It does not cause as much damage as stem-end rot. The disease 
causes rotting of the finger stalks which results ultimately in shredding of fruit thus 
reducing its market value. 

CULTUBAL CHARACTERS OP THE CAUSAL OBGANISMS. 

The two fungi and were grown on Bichards" agar, 

potato extract agar and Brown’s agar at 10°, 20°, 26°, 30°, 35°, and 40°C, All the 
three media were found suitable for their growth, Eichards’ being the best, on which 
the growth was luxuriant and spdrulation profuse and comparativeljr early, R^tu 
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growti was determined by measuring the diameter of the colonies from day to day. 
le results (average of 4 plates) are represented graphically below (Figs. 2 and 3). 
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Qleosporium has very sparse mycelitun and the colonies are thin and 
creeping. Gradually with the formation of spores they become bright salmon pink 
in colour and sporulation is profuse. The spores are non-septate, sub-hyaline, ovoid, 
with both ends almost alike and are usually vacuolate, 

is a very fast growing fungus and has profuse aerial mycelium 
which is cottony white to start with, but gradually turns greenish grey and finally 
dark grey when the cultures are about three weeks old. Countless tiny black 
pycnidia partly embedded in the medium are formed. On the comparatively 
weaker media (potato extract and Brown's agar) pycnidial formation is both late 
and less abundant. Black sclerotial bodies are formed frequently in old cultures. 

The spores are ovoid, non-septate and sub-hyaline when young, but with age 
they become dark brown and develop a septum in the middle. One end is slightly 
narrower than the other and on this end they are attached to the inner wall of the 
pycnidium with short strands. Interspersed in these conidia bearing strands, are 
sterile, long, slender hyphae. 

Typical spores of both Gteosporium and Botryodiplodia are shown in Plate 
LIII, fig. 2. Their dimensions and mode (per count of 100 spores) are given below 
(Bichards^ agar at 25°0.) 


Fungus 

Range 

Average 

i ' ' ■ 

Mode 

Length 

Breadth 

0 10 16 20 26 

to to to to to 

10 16 20 26 30^1 

0 6 10 15 

to to to to 

, 6 10 15 20^ 



^ 11 X 5^ 

16 X i 

0 52 42 6 0 

10 90 0 0 

Oleosporiutn sp. 

- 

1 

1 ^ 





1 

h 24 X 8{x 






. 

f 16 X 1% 

20 X 12 

0 0 42 66 2 

0 0 100 0 

Botryodiplodia sp. 

1 

1 ^ 






27 X 13(1, 
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For the other two media tested (Richards'' and potato extract agar), similar 
growth curves were obtained. 

Though the optimum temperature for growth of both the parasitic fungi 
yet the attack on the host is more vigorous at 35®C. This can probably be 
attributed to the lowered resistance of host tissue at higher temperature, Vasudeva 
[1930], working with apples has similarly found a marked fall in the resistance of 
the host at high temperatures. 

Discussion. 

The data given on the foregoing pages sets forth the preliminary observations 
made on the various important banana diseases occurring in the plantation as well 
as in the curing pit and storage. Similar diseases have been described by other 
investigators in different parts of the world. Agati [1922] from Philippine Islands, 
Ashby [1912] from Jamaica, Ogilvie [1928] Bermuda, Campbell [1925] Fiji Islands, 
Carpenter [1918] Hawaii, and Laubert [1926] from Germany. The recent and com- 
prehensive work of Tomkins [1931] at Cambridge and of Wardlaw and McGuire 
[1931, 1 & 2] at Trinidad, deals however mainly with transport and storage pro- 
blems. They have adduced valuable evidences with regard to the control of banana 
diseases, occurring mainly in Gros Michael and Cavendish varieties. A knowledge 
of varietal susceptibility to different diseases, the extent of kind and damage caused, 
the methods of infection and the varying responses of the causal organisms to the 
different environmental factors, as well as the methods of control are a few of those 
important problems that are by no means uniform in various banana growing tracts 
of the world. "With the exception of Dastur's [1916] w'ork on ripe rot, Basu's 
[1911] on a kind of wilt in Bengal, and Mitra's [1930] report on a species of 
Helminthosporium attacking bananas in C. P., there does not exist any literature 
on the diseases of Indian bananas. The present contribution is expected to throw 
some light on this important subject. But owing to the wide range of diseases under 
study, the results obtained can hardly claim to be comprehensive. 

A complete study of any disease organism is intimately connected with a 
thorough knowledge of the host plant. In this connection, however, the lack of any 
reliable botanical classification of Indian banana varieties has proved to he a great 
drawback. As has been emphasised by Cheesman [1931] a closer understanding of 
the various problems connected with banana culture as well as its diseases can only 
be achieved when this jwork of classification is completed. The attention of our 
horticulturists and botanists is earnestly solicited on this important aspect of the 
question. 

The object of the banana grower resolves itself into two important separate 
'heads:—''"' '■ 

1, The propagation of healthy suckers. 

I 
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2. The successful curing of fruit free from disease. 

It has heen shown in this study that the former can he achieved hy separating 
from affected suckers, the under-ground stem or corm, which is usually free from 
infection, and planting the same after dipping in 2 per cent, copper sulphate solution. 
The secondary suckers coming out of such corms, being disease-free, would form 
the nucleus of the healthy plantation. 

, As to the diseases in curing pit, it has been sho^n that the chief factors res- 
ponsible for the damage are high temperature and high humidity. Various trials 
conducted have revealed that the most favourable temperature for successful curing 
is 15°-20'’C. (59°-68®F.). Wardlaw and McGuire in their work on storage and 
transport bananas have also found that at lower temperatiues the diseases remain 
under a strict check. The low temperature curing coupled with vaseline treatment 
wduH therefore point out a successful method of checking the various storage diseases 

and of curing fruit with its natural flavour and aroma developed to its best. 

In the plains of the Punjabi the prevailing temperature in the curing pit during 

the months of June, July and August being; about 35°-40°G., it is obvious that these 
Bwsuths can hardly be termed to be suitable for affecting a successful check on the 
growth of various disease organisms. The method of varying the planting season of 
scKjkers in order to bring them to fruit at a season when the most favourable temper- 
ature prevails in the curing pit is a point that will be elucidated in a later paper. 

Theauthor wMies to express his thanks to the Department of Agrioultare, 
Punjab, for affording the necessary facilities for carrying out this investigation and 
qtecially to Professor J. C. Luthra for his keen interest and helpful suggestions. The 
writer is also indebted; to the Fruit Specialist for providing the material and to 
Mr. K. C.Naik for 'valuable criticism on the horticultural aspect of the problem. 

Summary. 

1. Various diseases of bananas’ occurring in the plantation and curir^ pit have 
been briefly described. 

2. Most important of these- have been studied' at some length along with dieir 
causal OTgaaisiM,! which are species of Gleosporium and BOtryodiplodia. 

3; Meet of tenperature and hiaaidity on the incidence of disease has been 
ckaily brought oat and correlated with the cultural behaviour of the parasitic fungi. 

4. Methods of . hedthy propagation of young suckers as well as curing fruits free 
from diseasekave. been dealt with. 
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'1 ■, ! ■ ■ (Ueceiveii for publication on 26th November 1932) . 

• ’ (With Plate IIV and one text-figure) 

rte commonly cultivated pearl millet has had more systematic names probably 
than any other grass. Early in the last century it had almost as . many names as 
there were floras. Pmnisdwm typhoideum, Penidllaria sjdcata, Penicum spicatum, 
Pennisetum alopecuroides, were the most common. By the middle of the last 
century the other names had mostly dropped out of use, giving place to Pemisetum 
ippAoidewm [Chase, 1921]. 

Among the common English names are, pearl millet, bulrush inillet, and 
cat-tail millet. In Europe it goes by the name of candle millet and dark millet. 
In India the most common names are, hajra and bajri (N. India), cumbu (Tamil), 
and (Telugu). 

Economic ASPECTS OP ANTHESIS STUDY. 



The study of anthesis in millets was one of the first activities of the Millet 
Breeding Station, Coimbatore. Pennisetim typhddewn was singled out for this 
initial work because in this millet with its mass of cylindrical heads, the 
anthers are so very obtrusive in their existence and persistence, that they easily 
attracted attention (Plate LIV). 

In the course of enquiries made during seed collection time, the fact was 
brought to notice that there was a belief among cultivators that rain at flowering 
time meant failure of the crop and in the district of Vizagapatam the belief was 
prevalent that a good mid-night downpour speUed disaster to the crop. An 
attempt was made to ascertain the cause of this belief. 

- . • Pr&douswork. 

.;;5 The anthesis in tins millet has attracted the attention of many earlier workers 

IStoT (quoted. byBruwirth); Bobihson, 1917 ; Pruwirth, 
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1923 ; Godbole, 1927 ; and Patwardban, 1927]. Neither author, however, has given 
a detailed record of ohservations on a flowering head carried throughout the day 
and night. 

Inploresgencb. 

The inflorescence of this millet is a compound spike with an imbranched 
tapering central axis. On this axis a number of rachillse run obliquely disposed 
in series like the cells of a honey-comb. Ordinarily each xachilla carries two spikelets 
encfosed in a whorl of bristles. Eachillse bearing one or three spikelets also 
occur while those bearing four are rare. 

After an examination of a number of earheads we can say that about three- 
fourths of the rachilte are two-spikeletted, that nearly a fourth are single-spike- 
letted, and that a negligible number may be three, four, or very rarely five- 
spikeletted. There is a tendency for the single-spikeletted rachillse to be present 
in larger numbers towards the tip of the earhead, and for the three and four- 
spikeletted ones to occur more frequently at the bottom. 

Protogyny, 

The most noticeable feature of the earhead on emergence is its protogynous 
condition with a mass of protruding, glistening stigmas (Plate LIV, fig. 1). The 
stigmas take a long time to push their way out of the glumes. The time taken 
varies from 12 to 24 hours according to the season. The forking of the stigmas 
occurs only after its full growth. Stigmas remain fresh from 12 to 24 hours 
according to weather conditions. 

Typical anthesis of a flower. 

The emergence of the anther from the flower in this lodiculeless millet was 
observed in detail. It was noticed that from the emergence of the tip of the anther 
to the completion of its dehiscence it took about an hour in the morning and about 
twice that time at mid-night. In the day time the actual pushing out of the 
anthers from the glumes takes about half an hour, the growth of the comparatively 
stifi filament about a quarter of an hour, and the process of the dehiscence about 
twenty-five minutes. At night the pushing out of the anther takes well over an 
hour, with slight increases in the time taken for the elongation of the filament and 
the dehiscence of the anthers. The protruding stigmas lead the way and the 
penicillate anthers seem to be a special adaptation for this slow and laboured 
emergence of the anthers, lacking lodicule facilities for glume opening (Plate LIV, 
fig. 2). An examination of a number of lodiculeless grasses shows in many cases 
that they possess pointed, mucronate, apiculate or penicillate anthers and it would 
seem therefore that the pencils of this '' Peuioillaria '' perform a definite function 
in aiding the emergence. 


' ' m' 
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Anther flushes. 

There are two distinct wavt-s of first being the anthesis of the 

bisexual flowers which commences even before the complete protrusion of the 
stigmas in the lower part of the earhead. This first wave may begin from two to 
three days after the protrusion of the first stigmas in the earhead. This flush 
works its way down the head and before it is complete, and eoncurrently with the 
final stages of its progress, the second flush of staminate flowers commences. A 
number of observations in isolated spikelets in different seasons in the various 
parts of the earhead have been made, and point to the second flush beginning 
a day to a day-and-a-half after the commencement of the first flush. The 
progress of the stigma protrusion, the first flush of anthers from bisexual flowers, 
and the second flush of anthers from unisexual flowers, may each be set down to 
run about the same periods, with partial overlappings, so that in our experienco 
no definite breaks have been noticed between the twm flushes of anther protrusions 
[Burns and Barve, 1932]. 

Preliminaby studies. 

Preliminary observations on the march of anthesis on an earhead were made 
in the year 1922 and left no doubt wdiatever as to the fact that in this millet 
anthesis w^as going on throughout the day and night with a concentration at mid- 
night. [Eangaswami Ayyangar, 1923]. 

Further intensive work was obviously needed and was attempted under arti- 
ficial conditions. Three earheads were cut and kept in water inside the laboratory, 
Anthesis proceeded as usual but stopped at the end of two and a half days. The ear- 
head in Crone's solution fared no better. Periodical records revealed the slack- 
ening of anthesis about 4 p.m., and a concentration between 10 p.m. and 12 mid- 
night— a repetition of the out-door habit. An analysis of the earheads at the 
cessation of anthesis showed that in the complete flowers about four per cent, did 
not exert their anthers and that in the purely staminate flow^ers, there was only 
a partial protrusion. There was thus no use continuing the observations * on cut 
heads to have a detailed record of complete anthesis. • 

Observations continued in the field and the rcsidts of these studies were 
presented in a paper at the Indian Science Congress [Eangaswami Ayyangar, 
1924]. 

These observations w^re made on Jcattu Jcumbu, the dry-land variety of the 
Coimbatore district ; the method of recording was every four hours both day and 
night, the two recorders taking turns. Each set cf three anthers that was exerted 
was taken for one floral unit and the counts thus made. The head under observa- 
tion took eight days to flower. The second day recorded the largest number of 
opening flowers. In the first three days more than half the number of flowers 
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had opened. Flowering proceeded steadily from top to bottom througHout the 
flowering period. The following are the records at the hours noted below r- 


6 a.m. 
10 a.m. 
2 p.m. 
6 p.m. 
10 p.m. 
2 a.m. 


S38 

327 

158 

42 

303 

684 


The increasing work on sorghum and ragi made a detailed pursuit of the 
phenomenon imnossible until the year 1928 when the observations were continued 
durin» the main season. Three contemporary heads of the same hattu humbu were 
under'’observation and the records of their continued anthesis are given below 


6 a.m. 
10 a.m. 
2 p.m. 
6 p.m. 
10 p.m. 
2 a.m. 


2296 

1613 

468 

206 

898 

3035 


There is tlms a close parallel witli the results obtained in 1922. 

Detailed studies. 

Very detailed observations were made in the summer of 1929 on the same 
local variety. Records were taken at two-hour intervals both day and night on 

four contempmary earheads. The results are tabulated below 

SuifT/iyy^GT ]929 — kattu kumbu — 17 th to 26th Jufic 1929, 


, — -■ 

Head 1 

Head 2 

Head 3 

Head 4 

Total 





178 

96 

159 

165 

598 

6 a.m. 




107 

131 

166 

135 

539 

8 a.m. . 




135 

135 

215 

250 ' 

735 

10 a.m. 




113 

75 

129 

163 

480 

12 noon 




43 

63 

89 

115 

310 

2 p.m. 




42 

55 

65 

93 

266 

4 p.m. 




57 

116 

83 

169 

425 

6 p.m. 




101 

379 

194 

448 

1122 

8 p.m* 




231 

439 

329 

576 

1575 

10 p.m. 




304 

285 

333 

387 

1309 

12 midnight . 




295 

166 

319 

346 

1126 

2 a.m. * 

4 a,m. 




223 

86 

160 

237 

706 





1823 

2026 

2241 

3084 

9180 


The above datl leave little doubt that the pearl millet flowers throughout 

the day and night. It will be noticed that the heaviest anthesis is in the period 
prior to midnight and that the lowest is in the afternoon towards 4 p.m., following 
the period of heavy transpiration. The tendency towards a slight rise prior 
to 10 A M in the forenoon may possibly mark the recuperative effects of sunrise. 

The march of anthesis together with the march of temperature and humidity 
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It will be noticed geaerally that there is a tendency for periods with an increase 
in humidity and a decrease in temperature to mark periods of great actmty in 
anthesis, there being a corresponding lessening wdth a decrease in humidity and 
an increase in. temperature. The maximum flush is ahead of periods of low 
temperature and Mgl humidity. The response of the plant to the beginnings 
of these changes is quiclc and leads to the optimum conditions favouring anthesis, 
resulting in a rapid tel to be followed by a gradual slackening, marking the 
exhaustion due to this flush of anthesis. 

Discussion. 

The Italian millet flowers practically all the 24 hours except that there could be 
said to be a break between 10 a.m. and 8 p.m, barring odd flowers. The pearl 
millet is therefore the only millet in which there is definite anthesis, though of 
varying degrees, all the hours of the day and night. Unlike the Italian millet 
there is not the packing in mass of flowers even in the interior of the earhead. 
The croAvding of the flowers in one plane is possibly a feature of this millet. The 
anther flowers add to this crowding, so much so, that it looks likely that this 
crowding is one of the main factors responsible for this conninued flow^ering. The 
absence of lodicules, while it may connote an absence of regulation, cannot be the 
primary determinant in this peculiar floral conduct. The Italian millet with its 
lodicules closely imitates the pearl millet. Moreover a study of the wild cousins 
of the pearl millet, with lax earheads, shows that the absence of lodicules notwith- 
standing, they are not continuous in their flowering. For instance, P. ruf elUi 
flowers from about 11 p.m, to 11 a.m., P. cenohroides from 3 a.m. to 11 a.m. and 
P. from 7 a.m. to 9 p.m. It therefore looks as if a study of definitely 
lax-spiked varieties of this millet may throw light on this phenomenon of ceaseless 
flowering. On the whole the broad fact remains that in this millet we have a 
plant whose anthesis will afford a live measure of the various physiological 
and metabolical processes produced in the plant through environmental changes. 
It is suggested that this common millet may figure a little more prominently in the 
academic institutions for plant study. 

Summary. 

Anthesis in the pearl millet goe son throughout the day and night. Two-hour 
observations on a number of earheads in three seasons show that the maximum 
flowering is between 10 p.m. and 12 midnight. During the day there is a second 
slight rise prior to 10 am. At 4 p.m. the weakest flowering is met with. 

Periods of high humidity and falling temperature are marked by increased 
anthesis. 
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Tlie flush of antliesis iu the staminate flowers overlaps the first flush of anthesis 
hi the hermaphrodite flowers. 

Individual flowers take about aii hour for the exertion and opening of the 
anthers by day time. At night the time is about doubled. The absence of lodi- 
cules disfavours rapid and eoncentrated anthesis and the penicillate anthers seem an 
adaptation for anther protrusion. 
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ABSTRACT 

Camin powdery mildew in Bombay. B. N. Uppal and M. K. Djssai. (Deft. Atfrio., 

Bombay Bui. W9,1-IQ; 1933). 

Powdery mildew appears first on the lower leaves as grayish spechs, which rapidly enlarge and 
cover tlie filiform leaves with a thin, powdery growth. Under favourable conditions infection 
spread.s rapidly to iiowers and fruits, on which the fungus makes a dense growth . 

The fungus develops with extreme rapidity at temperatures between SO and 95°F. Tempera- 
tures below S0°F, are unfavourable for mildew. 

Proof of tbe perennation of the organism as dormant mycelium on the seed has been estab- 
lished experimentally. 

The morphology of the organism has been fully descrihed. 

The haustoria of the fungus are lobed, and the conidia are e^diudric and fiat-ended. Because of 
these two characters and the size of conidia, the organism is referred to the species Er'^slphe 
polpgom D Q* 

Cumin mildew can be. controlled by one application of sulphur made at about the time of ilower- 
ing, and the quantity of sulphur required per acre is 25 lbs. (B. N. U.) 




NOTES 

ACmiCULTURAL PAEASITOLOGY-^HELMINTHOLOGY. 

In Agriculture and LwestocJc in India for July 1933 there appears a paper by Di\ 
Peters on the scope and aims of the Imperial Bureau of Agricultural Parasitology 
which was read at the British Association Symposium on Applied Helminthology. 
The subject-matter of the Bureau’s work comprises such helminthological data as 
maybe of importance to agriculture in its widest sense. Though specialised and 
restricted so far as the 7 .oological status of the parasites is concerned, the work 
of the Bureau has exceptionally wide contacts with the various branches of pure 
and applied science. Of special interest to research workers in crop production and 
soil science are the following publications of the Bureau - 

!.■ The Eoot-infesting Eelworms of the Genus Heterodera— '(Bibliography and 
Host list.) Price 6s. 

, 2. The Belworm Heterodera schacMii as a Potential Danger to the Sugar-beet 
Industry. hTotes and Memoranda Ho. 1 — Price Is, 

3. Differential Diagnosis of Plant-parasitic Eelworms — ^Notes and Memoranda 

No. 5 (1932) — Price 1§. 

4. Potato Sickness and the Eelw^orm Heterodera schachtii — ^Notes and 

Memoranda No. 6 (1932)— Price 25. 

The Animal Husbandry Expert to the Imijerial Council of Agricultural Research 
is the official correspondent for this Imperial Bureau and will be glad to furnish fuller 
information or to receive suggestions. 

BIBLIOGRAPHY OF TROPICAL AGRICULTURE. 

The International Institute of Agriculture, Rome, has recently issued a 
Bibliography of Tropical Agriculture, 1931, in English, price ten liras per 
copy. It is valuable to Indian workers as a useful supplement to existing abstract- 
ing journals, and at ten liras the book is not expensive. The Institute has now 
resumed direct sale of its publications and copies can be purchased direct from the 
Secretary-General, International Institute of Agriculture, Rome, or through the usual 
booksellers. 

BIBLIOGRAPHY ON THE BREEDING AND GENETICS OF THE 
MILLETS AND SORGHUMS. 

(Imperial Bureau of Plant Genetics, School of Agriculture, Cambridge, Price l5.) 

The Bibliography is of special interest to botanists in India not only because 
much of the work quoted has beeti done in India but on account of the great 
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importance of tlie millets to Indian agricnltnre. The crosses between sugarcane 
and sorghum made at Coimbatore by Tenkataraman and Thomas and between 
Kafl&r corn and sugarcane in Java further add to the economic interest of this 
important group of crops. 

THE INTERNATIONAL YEARBOOK OF AGRICULTURAL 

STATISTICS- 

The International Institute of Agriculture at Rome has recently j)ublished the 
1931-32 edition of the '' International Yearbook of Agricultural Statistics 'h 

This volume of about 800 pages is the result of the most extensive and detailed 
inquiry made in the domain of international agricultural statistics and constitutes a 
work of the greatest importance to all those v/ho are intere>sted in questions having 
a direct or indirect relation to production and commerce of agricultural products. 

In the first part of the Yearbook are classified the figures for area and popula- 
tion in the years nearest to 1927 and 1931 for 208 countries : the presentation of 
these figures throve light upon the world situation from the geographical, political 
and demographical points of view during the post-war period. The second part is 
composed of a series of tables comprising for nearly 50 countries the available data 
concerning the uses for which the total area is employed, the apportionment of 
cultivated areas between the different crops, agricultural production, numbers of the 
different kinds of livestock and the products derived from them. In the tables 
constituting the third part of the volume, have been indicated for nearly 40 agricul- 
tural products, the area, production and yield per acre in each country during the 
five years, 1923-27, and during each of the years from 1928 to 193L 

For each kind of livestock all available figures in the different countries have 
been grouped for the years 1927 to 1931, A large part of the volume is devoted 
to statistics of the commercial movement of 43 vegetable products and 13 products 
of animal origin. The figures published relate to the imports and exports during 
the calendar years and for the cereals also during the co m mercial seasons. 

It may be added that the tables of production and commerce not only specify 
details for each country but also the totals for the different continents and hemi- 
spheres and for the whole W'orld, allowing the formation of a general idea of the 
changes taking place during the periods under consideration in the area under each 
crop, quantities harvested and the commercial movement in each product. 

The part devoted to prices contains the weekly quotations of 26 agricultural 
products on the principal world markets for the period January 1927 to July 1932. 
In the freights section wiU be found the quotations for the transport of wheat, 
maize and rice on the most important shipping routes, and in the section reserved 
for fertilizers and chemical products useful in agriculture are published statistics of 
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productionj trade, coimimption and prices for 15 products. In the Appeiidix have 
heen brought together special chapters on the distribution of agrioultiiral holdiiigs 
arcording to their size and mode of tenure. The Forestry Statistics have been 
extended and developed and will be published in a separate volume under the title 
of ' International Yearbook of Forestry Statistics h 


THE DISPERSION OE SOILS IN MECHANICAL ANALYSIS. 


(Imperial Bureau o! Soil Science Technical Communication No. 26.) 

In view of the importance of mechanical analysis in the examination of soils 
and the desirability of securing uniform and convenient methods, applicable as far 
as possible to air soils and all climates, an investigation of methods of dispersion 
was undertaken at the instance of the Imperial Biumu of Soil Science by Profes- 
sor G. Wv Eobinson of the University of North Wales, Bangor"^; the work was 
financed throughout by the Empire Marketing Board. 

The results of Professor Eobinson’s investigations are described in this Techni- 
cal Communication. Most of the soils he examined were obtained through corres- 
pondents of the Bureau, and it will be seen that they include a very wide selection 
of the soil types found within the British Empire. 

Comparability of analytical results is a first essential to securing that co-opera- 
tion in imperial research which it is the Bureau's aim to foster. If research workers 
throughout the Empire, as far as possible, adopt Professor Eobinson's recommenda- 
tions, it w^ould be a first step towards a greater degree of uniformity in all analyti- 
cal procedure. The recommendations should not be considered as necessarily final, 
and any criticisms of them, or reports of difficulties encountered in carrying them 
out, will be welcomed by the Imperial Bureau of Soil Science. 



WOOD HOUSE MEMORIAL PRIZE, 1933. 

In memory of Mr. E. J. Woodhouse, late Economic Botanist and Principal of 
Sabour Agricultural College who was killed in action in France in 1917, a prize in 
the form of a silver medal and books of a combined value of Es. 85 will be awarded 
to the writer of the best essay on a subject of botanical interest to be selected from 
the list noted below. The length of the essay should not exceed 4,000 words. 

The competition is open to graduates of Indian Universities and to Diploma 
holders and Licentiates of recognised Agricultural Colleges in India who are not 
more than 30 years of age on the date of submission of their essays. 

* The analytical work wm carried mt Iby Pr, M. Riobardsoii/ S't Bangor. 
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Papers shoiild be forwaaxied to Director of Agriculture, Biliar and Orissa, 
Patna, before November 1st, 1933. 

Failing papers of sufficient merit no award will be made. Essays must bo 
typewritten and on one side of paper only. 

List of subjects for 1933 prize : — 

1. The root system as a limiting factor in plant distribution. 

2. Basis of quick selection for drought resistance and water logging hi agri- 

cultural crops. • 

3. Application of modern statistical methods to yield trials. 
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Foreword. 

Some of the observations made by the junior author 
Khanewal, and given in this paper, have been included 
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article “ Periodic Failure of the Pcdijah-.^merican Cotton Crop”, published in the 
Agri(yiMu-e(mAIdve-d^^ India (H, May, 1932). We desire to make it clear 

that we do not agree with his conclusions. 

M. Aezal Htjsain. 

Kidar Nath Tbehan. 

Inteoductoey. 

The so-called ‘ Punjab-American ’ varieties of cotton, grown in the Punjab, 
have occasionally failed, more or less badly, over extensive tracts. The most 
serious general failures occurred during 1919 and 1926, and 1921, 1927 and 1928 
were the years of partial failure. These failures have drawn a great deal of atten- 
tion [Milne, 1922, 1923; Eoberts, 1929, 1930 ; Trought, 1931]. The general 
symptoms of a failing crop have been stated as : stunted growth, yellowing and 
reddening of leaves, premature defoliation, softness of young bolls, bad opening 
and poorly developed lint and seed [Milne, 1922 ; Roberts, 1929 ; Afzal Husain, 
1930 • and Trought, 1931]. Milne [1928] explains this failure by something com- 
parable to 'heat stroke’, while Trought [1931] considers the influence of adverse 
environmental factors on root and shoot development as the real cause. In 1928, 
Mr. Roger Thomas* of the British Cotton Growing Association, Khanewal (Punjab), 
put forth a suggestion, that it was the White-fly which was mainly responsible 
for the failure of the 1928 crop [Roberts, 1929]. Roberts [1930] supporting thrs 
view went a step further and asserted that all the previous failures of the 
‘ American ’ varieties of cotton were caused by this insect, although this cause 
remained unknown at the time. Misra and Lamba [1929] have also accepted 
the White-fly theory of the cotton failures. This question has already been very 
fully discussed by Afzal Husain [1930]. B. gossypiperda has, therefore, come into 
prominence as a serious pest 6i cottons and as a possible cause of the cotton 

failures. ! 

Casual observations on this insect were started as early as 1922, but systematic 

investigations were started by the Department of Agriculture, Punjab, in 1928, 
The Indian Cehtrab Cotton Committee helped this undertaking by awarding in 
1929, a senior researck studentship to the junior author. Most of the observations 
mentioned in this paper were made at the farm of the British Cotton Growing 
Association, Khanewal, and some at the Agricultural College, Lyallpur. The 
facilities provided by the British Cotton Growing Association, the personal interest 

taken by Messrs. Roberts and Roger Thomas, and the help given by S. Datar 

Singh, Manager of the Farm, are grat efully acknowledged. ^ 

#Mr. Roger Thomas has fully discmssed his views in his article Periodic Failure of the Punjab- 
American Cotton Osay—AgriculHre and Live-atoeh in India, Vol. II, Part III, May, 1932. 
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Wbdcti-MiY of oOTTOisr (Bemiaia gosaypiperda), 

Fig.No. 

1. Egg • . ' . ■ . . 

2. Nymph — Istinstar • « , • . . • 

3. Antenna of 1st instarnymph , : . . . 

4;. Leg of let instar nymph • . . . ♦ . . 

6. Vasiform orifice of 1st instar nymph . . • . • 

6. Ant-enna of 2nd instar nymph . . . . . 

7. Leg of 2nd instar nymph . . * * # . . 

8. Vasiform orifice of 2nd instar nymph , . , . . 

9. Antenna of 3rd instar nymph . . . , . 

10. Leg of 3rd instar nyinph • • • . . » . 

11 . Vasiform orifice of 3rd instar nymph . . . 

12. Antenna of pnpa • . • . . • • 

13. Leg of pupa * • • • • • 

14. Vasifoim orifice of pnpa . . . . . 
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Distribution. 


B. gossypiperdaiz-wldLAj distributed in tbe Punjab and has been recorded 
from cottons from almost all the districts of the Province. The severity of attack 
is, however, confined to Lyallpur, Jhang, Shahpur (Sargodha), Multan and 
Montgomery district — the so-called ‘ canal colony tract ’. 

The presence of B. gossypiperda on cotton at Pusa (Bihar and Orissa) was 
recorded, as early as 1905 [Misra and Lamba, 1929]. So far no information 
is available regarding the occurrence of this insect in other parts of India. 

Kirkpatrick [1930] mentions the same species from the Sudan, as causing 
leaf-crinkle. An un-identifled aleurodid is mentioned by Golding [1930]* as causing 
leaf-curl in South Nigeria. A further study of the distribution of this insect would 
be most usef ul. 

If the species foundin India, the Sudan, South Nigeria and Iraq is S. gossypiperda 
M. and L,, its simultaneous appearance as a major pest in widely separated parts 
of the globe is not without significance. It may be an instance of a species at 
a stage in its evolution when it is showing both morphological and physiological 
plasticity and is undergoing striking mutations. The fluctuations exhibited by 
B. gossypiperda in th.& number of the dorsal spines in the pupal stage, may be an 
index of its morphological variation. It appears that its polyphagous habit is 
also a recent sudden development and may reflect an abrupt change in its host 
selection and feeding habits, and, therefore, in its physiology. 


Description op the various staoes. 


Misra and Lamba [1929] have described the various stages of this insect, 
but as their descriptions are generally not quite satisfactory and are in parts 
wrong, it has been considered advisable to give detailed descriptions of all the 
stages. 

Egg {Plate LV, fig. 2).— Sub-elliptical, apical end narrower, pedunculate, the 
stalk is inserted into the tissue of the leaf, chorion smooth, colour light yellow 
when fresh, subsequently changing to dark brown, the distal free end is of deeper 
colour. Length 0168-0-176 mm., breadth 0-08-0-09 mm., average measurements 
0171 x0'082 mm., stalk 0'016-0-024 mm., long, average 0'019 mm. ; reddish eye 

spots conspicuous before hatching and distinctly divided. 

Nymph of 1st instar {Plate L7, fig. 2).— Elliptical, light yellow. Length 0-248- 
0'25S mm., breadth 0-136-0-144 mm., average measurements when newly hatched 
0'253 X 0-139 mm., margin surrounded by waxy bands and beset with 16 pair s 

*aoger Thomas [1932] also mentions Iraq as one of the localities where a cotton White-fly is 
present as a minor pest. An aleurodid has also been mentioned from cottons in China in 1806 
[Roberts, 1929]. 
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Of bristles, three cepbalic-tlie last cephaUc pair being the longest, ten laterals-- 
sub-eqnal, three candals-the anal pair being the longest. Two pairs of jentra 
spines-the anterior pair in front of the rostrum and the posterior pair_ at the e.el 
of the dorsal vasiform orifice. The dorsal spines which are present m the later 
stages are absent. Antennae thin and long, 0-066-0-073 mm. in length, average 
0-070 mm., three segmented-basal segment thick, 2nd cylindrical and the 3rd 

segment elongated and provided with two spines-one at _ a ^stance of | of the 

lengtli of the segment from the base and the other at the tip (Pla^e LY, fig. 3). 
Eyes distinctly divided. Legs functional, measuring 0-07 mm. and reaching beyond 
the margin of the body when extended; tibia armed with a long curved bristle, 
tarsussingle-jointed with a bristle near the distal end, longer than the tarsus ; 
pedunculated disc like pad at the end of the tarsus (Plate LV, fig. 4)^. Mycetoma 
orange yellow. Vasiform orifice slightly wider than long (Plate LV, fig. 6), length 
0-020-0-028 mm., breadth 0-024-0-030 mm., average measurements 0-024x0-027 
nun. ; operculum semicircular ; lingula setose, twice as long as the operculum and, 

therefore, projecting beyond it, _ 

Nymph of 2nd Mistor.— Body.eUiptical, depressed, pale-greemsh-yellow in colour. 
Length 0-312-0-350 mm., breadth 0-192-0-200 mm., average measurenaents 

0-319x0-196 mm. Margin crenulate with a waxy band all round. Eyes divided, 

antennae* much shorter than in the previous stage, directed backwards (Plate LV, 
fig 6), 0-021 TTim- long. Legs degenerate (Plate LV , fig. 7), unsegmented, conical 
stumps, each ending in a disc like sucker. Mycetoma orange-yeUow. Vasiform 

orifice (Plate LV, fig. 8) measuring 0*030 x0*032 mm., liBgula armed with a pair 

of long hairs at the tip. Dorsal bristles absent or 1-3 pairs, marginal bristles only 

one pair of anals. . • i t-u 

VympA o/ wtor.— Shape corresponding to the previous instars, length 

0-48-0-60 mm., breadth 0-32-0-36 mm., average measurements 0-52 x0-34 mm. 
Eyes not completely divided ; antennae directed towards the median line, hook- 
shaped, the convexity of the hook antero-medium, 0-020 mm. long (Plate LV, 

fig. 9). Legs (Plate LV, fig. 10) as in the preceding instar. Vasiform orifice 
(Plate LV, fig. 11) 0-051 X 0-48 mm. Dorsal spines and mycetoma as in the 2nd instar. 

Pupa.— Body sHghtly convex, 0- 6 xO-4 mm. to 0-8 xO-6 mm., colour deep yeUow, 
eyes well developed, not completely divided. Antennae better developed than those 
in the 2nd and 3rd instars (Plate LV, fig. 12), 0-066 mm. long, crenulate, thick and 
pointing backwards and outwards, each terminates in a slightly bent thm process. 
Legs curved, unsegmented (Plate LV, fig. 13). Vasiform orifice longer than broad 
(Plate LV, fig. 14), len gth 0-066-0-083 mm., breadth 0-050-0-058 mm., average 

• Misra and Lamha [1929] incorrectly state that the antemae are absent in the 2nd inatar 
nyiBph. They are present in all nymphal stages. 
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measurements 0*077x0*062 mm. Dorsal spines variable (see Below), when a full 
complement of seven pairs of dorsal spines is present, the arrangement is as 
follows 

I. Cephalic, preocular ; II. post ocular ; HI. lateral, at the level of the middle 
legs; IV. lateral just behind the above ; V. dorso-medial ; VI. posterolateral ; on 
the sides of 3-4 abdominal segments ; VIX. vasifoimal on the side of the vasiform 
orifice. Besides these, there is a pair which is anal. 

Variations in the distribution of dorsal spines in B. gossypiperda.— -E xcept in the 
1st instar the number and distribution of the dorsal spines is very variable. As the 
pupal stage is used in identification, and the number and arrangement of spines is 
one of the recognized constant characters, these variations are of great significance. 
Misra and Lamba [1929] overlooked these. Almost all the combinations from a full 
complement of seven pairs of spines to their total absence, are met with. This 
variation may even be found in the progeny of the same pair and occurs in both sexes. 

Adult {female). — ^Length ri-l*2 mm. ; body yellow with two pairs of con- 
colourous wings, eyes constricted in the middle forming two parts, lower facets 
bigger than the upper. Antennae seven segmented, elongated (for measurements 
see table below)— Segment I. sub-globose, II. sub-pyriform, III. elongated, longest 
of all and beset with sensoria distally, IV. cylindrical, V. clavate, VI. cylindrical, 
VII. elongated and imbricate, provided with sensoria and terminating in a spine. 
Labium 0*39 mm. long, fore-wing measuring on an average 0*89x0*34 mm., 
venation poorly developed— radial sector and a thin cubitus, hind-wing measuring 
0*74x0*28 mm. Hinder legs longer than others, tibia 0*32 mm. long, tarsus — 
proximal joint 0*112 mm., distal joint 0*072 mm., tibia of front leg 0*21 mm., tarsus — 
proximal joint 0*080 mm., distal joint 0*064; paranychium acute. Mycetoma 
orange -yellow. Vasiform orifice with a rectangular operculum and lingula exposed, 
much elongated and armed with hairs on the tip. 

(Ifafe).— Length from vertex to the tip of claspers 1*06 mm. Concolour.us 
with female. Antennae same as in the female, slightly shorter (for measurements 
see table below) wings corresponding to those of female, fore- wing measuring on an 
average 0*84 X0*28 mm., hind- wing 0*70 x0*23 mm. Abdomen taperiug posteriorly ; 
claspers narrowing distally with tips curved inwards and beset with minute bristles. 
Penis slightly curved, smaller than claspers, measuring on an average 0*080 mm. 

Measurements of antennae. 
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Liee-histobt. 


MrosUion-ln nato. tlie eggs are laid smgly ataost mvariably, on the 
nnderti of tlie' leaves, mostly on the top and middle leaves of a plant In 
ZtLi, however, the eggs may he laid fairly te«inentfy on the upper side ol the 
toJ » well. The highest number of egg. laid by a single female in eaptivi^ has 
belTw, laid io 18 days. The average number of egg. laid by a m 

oalvity: was 28 in 1929, and 43 in 1930, A mantanm of 16 eggs may be tad m 
twenty-four hours, and the average number of eggs tad by a twenty-four 

to was 6 in 1929, and 8 in 1930. The egg. are laid throughout the twenty-four 
to The oviposition period vari«> from 2 to 18 days. In laboratory eirpen- 
ments' mitofthe females died earlier than their normal life beeanse they got 
2* in the moisture on the walls of the glass ohimuey of the breeding cage. 


Table I. 


Oviposition TScord, 1929-30. 




Sfaximum 


)viposition 




number 1 

?otal num- C 

Bicmarks 

Date 

Particulars 

of eggs 
laid in 

ber of 
eggs laid 

period 

(days) 



24 hours 




lOti May 1930 . 

PresHy emerged female from 


34 

4 

♦It was not 

a oage^ • • • * 



definitely as- 
certained 



21st June 1929 . 

Newly emerged pair . 

9 

19 

3 

whether the 
females were 


: ' 10 

■ ■ 

24 


fertilized. 


Do. 

>» * I 


i ^ 


2nd June 1930 . 

Newly emerged female from a 
breeding cage . • • 

1 

16 

40 

" ■ 


Do. 

Newly emerged female from a 
breeding cage . • • 

16 

26 

'"2 


June 1930 . 

Newly emerged female from a 
breeding cage 

6 

16 

3 


Do. 

, Newly emerged pair . • 

11 

J-' ■ 

27 

3 
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Table l—cmti. 


Bat© 

Partioalars 

Maximum 
number 
of eggs 
laid in 

24 baars 

Total num- 
ber of 
eggs laid 

Oviposition 

period 

(days) 

Bemarks 

19tlii Jan© 1930 . 

Newly ©merged pair . . 

9 

35 

6 


11th July 1929 . 

»» » »> • • 

6 

25 

6 


22Ed July 1929 . 

Virgiu female f • - • 

11 

71 

14 

t Eggs were 

Ifidd partke- 

26th July 1929 . 

, , 

Newly emerged pair 

8 

14 

2 

nogenifcically. 

6th Aug. 1929 . 

»> » « • • 

11 

30 

3 


Mth Aug. 1929 . 

Virgin female f . 

7 

22 

5 


6th Sept. 1929 . 

Newly emerged pair 

7 

22 

5 

■ 

■ 4 

5th Oct. 1930 . 

ft t9 

13 

119 

18 


Do. . 

ft ft ft • • ■ 


50 

7 



Obserrations were made, in 1929 and 1930, to determine tbe influence of 
temperature on oviposition. A large number of freshly emerged adults (200 in 
1929 and 100 in 1930) were enclosed in a cage over a cotton seedling and allowed 
to oviposit for one hour, after which they were removed to a fi'esh seedling. j, 

(These adults were obtained by beeping the infested cotton leaves in an ordinary 
parasite breeding cage. The imagines came into the tubes, which were kept in j 

position from 8 a.m. to 5 p.m., when the adults were taken and counted, and were i 

liberated in cages at 6 p.m.). The total number of eggs laid in an hour was ! 

recorded and continuous observations were made for twenty-four hours. It was i 

observed that oviposition stopped when the air temperature went below 73°F. I 

(Table II), and maximum oviposition occixrred at a temperature above 80°F. These j 

observations are admittedly far too few for establishing any definite correlation L 

between temperature and oviposition. j; 

For a small insect living on the under surface of a leaf, humidity must be !; 

considered as normally favourable and abundant, particularly in a cage where there 

is no movement of air. !■ 

■ : 
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Table IL 


Influence of teMperature on oviposition {1929-30). 


1929 

(200 adalts) 


1 1930 (100 adults) 





No. of 




No. of 



Time of 

Tern- 

iqo. of 

eggs 


Time of 

Tern- 

eggs 


Date 

obser- 

perature 

eggs 

laid per 

Date 

ohser* 

perature 

laid per 

Remarks 


vation 


laid 

100 


vation 


100 





1 adults 




adults 



hrs. 





! hrs. 

92-0 



1st Got, 

19 

88*0 

7 

4 

28tb. Sept. 

19 

133 


i' ■ 20 ' ■ 

88*0 

53 

27 

20 

87*0 

20 



21 

86-0 

1 86 

43 


21 

84*0 

IS 



22 

83'0 

14 



22 

82*0 

13 



23 

82-0 

47 



23 

81*0 

, 17' 



24 


34 



24 ' 1 

78*0 

„ ■ 7 ' 


2nd Oct. 

1 

78*0 

25 


29th Sept. 

1 i 

76*0 

5 



2 

76-5 

5 


2 

74*5 

2 



3 

75-5 

6 

3 


3 

72*5 

0 



4 

74'0 

3 

2 


4 

72*0 

0 



5 

72-5 

0 

0 


5 

72*0 

0 



6 

71-0 

0 

0 


6 

70*0 

0 : 



7 

71-5 i 


0 


7 

70*0 i 

0 



8 

72*6 ^ 

0 

0 


8 

72*0 

0 



9 

85-0 

40 

20 


9 

80*0 

14 



10 

90-0 

382 

191 


10 

88*0 

29 



11 

95-5 

27 

14 


11 

92*0 

11 



12 

97*5 

27 

14 


12 

94*0 

30 



13 

100*5 

UK* 

KQ 


13 

100*0 

10 

* Eggs laid 


15 

103*0 




14 

100*5 

4 

in 3 


16 

101*5 




15 

100*0 

3 

hours. 


17 

98*5 

5 



16 

98*0 

4 



18 

96*0 

4 



17 

96*5 

4 








18 

94*0 

3 



Incubation period.~The incuTbation period varies from 3 to 33 days, temperature 
being the chief controlling factor. During the main cotton gromng season, ie., 
from April to September, the egg stage lasts from 3 to 6 days, during October and 
November it is prolonged from 6 to 17 days and during February and March it is 
7 to 16 days. The longest incubation period so far observed was during December- 
January when it occupied 33 days (Table III), 

'Duration of the nymphal stage. — The duration of the three nymphal stages 
varies from 9-14 days from April to the end of September, but from October on- 
ward, this period is considerably prolonged, ranging from 17-73 days. In one case 
during 1928-29, the duration of the nymphal stages, at Lyallpur, was observed to 
have extended to 81 days during November- January (Table IV). 

It is interesting to note that in B. gossypiperda the pupal stage is very short 
and occupies only 2-8 days, while in many other Aleurodidae, e.g., the citrus 
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alenrodida©, it is this stage which is the longest. The cottons are annuals, citrus 
perennials. 

Duratim of the life-cycles . — complete life-cycle may occupy from 14-107 days. 
During April to September it occupies from 14-21 days. The shortest life-cycles 
have been observed during August. From October onward, the life-cycle is much 
prolonged and in one case it extended to 97 days (1930-31) between November and 
February, and the longest life-cycle so far recorded, at Lyallpur, has been 107 days 
in 1928-29. It is significant that it is the egg and the nymphal stages which are 
most prolonged, the pupal stage as stated above remains short (Table IV), 

Table III, 

Incubation period. 


1929 


1930 


Bate of 
oviposi- 
tion 

Bate of 
hatching 

Incubation 

period 

(days) 

Average tempera- 
tures of the 
period 

Bate of 
oviposition 

Bate of 
hatching 

Incubation 

period 

(days) 

Average tempera- 
tures of the 
period 

Max. 

Min. 

Max. 

Min. 

22nd Feb. 

9th Mar. 

16 

81*0 

49-7 






27th Feb. 

16th Mar. 

16 

83*7 

50*6 






2nd Mar. 

15 th Mar. 

13 

84*6 

50-6 

2nd Mar. 

13th Mar. 

11 

83*3 

54*8 






16th Mar. 

25th Mar. 

9 

87*0 

53*7 


i. ■■ ■ 




24th Mar. 

31st Mar. 

7 . 

97*4 

62*1 

3rd ApL 

11th Apl. 

8 

9B3 

63-6 

* 8th Apl. 

14th Apl. 

6 


, • 

23rd Apl. 

27th Apl. 

4 

93*2 

70*0 

* 14th Apl. 

19th Apl. 

5 



IstMay 

6 th May 

4 

107-6 

71*8 

2nd May 

1 6th May 

4 

95*3 

82*6 






10th May 

14th May 

4 

100*4 

88*6 






28th May 

1st June 

: 4 

100*5 

89*2 


i 




3rd June 

8th June 

5 

100*4 

87*7 

1 





10th June 

15 th June 

5 

102*3 

91*8 

24 tb June 

28th June 

4 

102*4 

84*0 

27th June 

30th June 

3,4 

103*3 

94*0 







and 










1st July 



i .'■ ■■ '■ 






8th July 

12th July 

4 

103*8 

87*3 

14th July 

18 th July 

4 

102*5 

81*1 

15th July 

19th July 

4 

97*8 

1 84*7 






31st July 

3rd and 

3, 4 

99*6 

82*2 







4th Aug. 




7 th Aug, 

10 th Aug. 

3 

94*3 

84*9 

6th Aug. 

10th Aug. 

■ 4 

99*2 i 

82*4 






30th Aug. 

4th Sept. 

! . 6 

99*7 

82*2 

7th Sept, 

11th Sept. 

4 

96*1 

83-6 

6th Sept. 

11th Sept. 

1 6 ' 

101*2 

81*6 






10th Sept. 

16th Sept. 

5 

99*4 

82*6 

1st Got. 

6th Oct. 

6 

88*6 

67*1 

3rd Oct. 

10th Oct. 

7 

94*0 

69*5 






24ili Oct. 

2nd Nov. 

9 

82*0 

63*0 

7th Oct. 

13th Oct. 

6 

87*0 

65*2 

29th Oct. 

14th and 

16, 17 

78’2 

62*3 







15th Nov. 




2nd Nov. 

12th Nov, 

10 

: 77*5 ■ 

68*2 

1st Nov. 

16th and 

15, 17 

78*1 

CM 







18th Nov. 




6th Nov. 

19th Nov. 

13 

76‘9 

56*2 






14th Nov. 

30th Nov. 

16 

■: 75*5 ■ 

S3*3 

30th Nov. 

2nd Jan. 

33 

69*7 

47*4 


" 1 

, 




1931. 






* Temperatures not recorded. 
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gossvpiperda in 1928 ^ 1929 and 1930, 


I i 


2nd Mar, 
16tli „ 
t24tii „ 

fStE Apl. 
Uth. „ 
2nd May 

lOtB „ 

28tli, „ 

3rd June 


Sfcii July 
15tli „ 
31st „ 
Btli Aug. 
SOtfa. „ 
6tli Sept. 


13tli Mar. 
25t]i „ 
31st „ 

14th ApL 
19th „ 
6th May 

14th „ 

1st June 

8th „ 

16th „ 
30th „ , 
1st July 
12 th 

19 th „ 

3rd, 4th 
Aug. 

10th Aug. 

I 4th Sept. 
11th 


11 29th Mar. 
9 6th Apl. 
7 11th, 12th 
Apl, 

6 24th Apl. 
6 29th „ 

4 16th May 

4 23rd, 24th 
May 

4 11th June 

6 17th „ 

6 25th 
3, 4 10th July 

4 22nd „ 

4 29th „ 

3, 4 3rd, 4th, 
12thAug. 
4 19th „ 


6 I 24th Sen. 


16 1st Apl. 
11 7 th „ 

11, 12 13th, 14th 
Apl, 

10 26th Apl. 
10 1st May 
10 18th, 19th 
May 

9,10 26th, 26th 
May 

10 14th June 


10 27th „ 
9,10 12th, 13th 
J^dy 

10 23rd, 24th 
July 

10 31st July, 
1st Aug. 
8, 9 14th, 16th 
Aug. 

9 21st Aug. 

11th Sept, 
13 27th .. 


Average tempera 
tures during the 
-w period ("P.) 


1st Nov 


21st Jan 
1931 

6th Feb 




44 I 20th Feb. 


are given for reference, 
not recorded. 
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Emergence of the arfM^.—Emergence occurs, as a rule, duruig the day time. 
Observations made towards the end of September both in 1929 and 1930, showed 
that the emergence ceased altogether at night-between 7 p.m. and 7 a.m.-where- 
as, it was at its maximum between 8 and 11 a.m. 

Longevity of the adults— Dming summer the adults do not live very long and in 
captivity 2 to 5 days may bo considered as their average life. During November, 

however, some adults lived up to 24 days in cages. 

Pmihenogenesis is a common phenomenon in the Aleiirodidae and has been 
frequently observed in B. gossypiferda. Our observaiaons, that only males develop 
from parthenogenetic eggs, agree with those of Morril and Back [ 1911 ] who studied 
this phenomenon in Aleurodes citri. Hargreaves [ 1915 ], however, obtained only 
females from the parthenogenetic eggs of Ahyrodes vaporarionm Westd. 

Seasonal history. 

The adults of the first brood of the year commence emerging from about the 
middle of January. Infestation, as a rule, starts on such weeds as Oonoulvulus 
aroensis and Euphorbia spp., and such cultivated plants as Brassrea rapa and Bras~ 
sica ohracea. From these the pest spreads to Hibiscus escidentics, the cucurbits and 
the ratoon cotton. No sooner the cotton crop has germinated in April than the 
White-fiy appears on it and reproduces freely throughout the summer months. The 
maximum infestation on cotton occurs during July and August, more particularly 
in the latter month and then drops suddenly in September and October and hence- 
forth continues much abated. About the end of the cotton season, the pest mig 
rates to Bvassim spp., and to various weeds and cultivated cropsf where the imma- 
ture stages of this insect pass their winter. In all, there may be twelve generations 
of this pest in the course of a year, but, as the broods overlap, practically all the 
stages are met with throughout the year. 

Food plants. 

B. gossypiperda is polyphagous and the foUowring is the list of the food plants 

from which this pest has so far been recorded in the Punjab, both in the nymphal 

and pupal stages : — ■ ' ■ 


Buglish. name 


Botanical name 


Family 


1 Ootton 

.r, 4 Lad/s finger 

v' 6 


1 '“t; Vi';-- 


Gossypium sp.* 

Althea rosea • . • • 

Corohorus tridens 
Hibiscus esculentu^ 

Sida cordifolia 

t List given under food plants. 


Malvacese. 


^ ^ ^ ^ - 
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Serial 

No. 

English name 

Botanical name 

Family 

6 

Cabbage . . . 

Brassica oleraoea* . . . . 

Cruciferse. 

7 ' 

Cauliflower . . 

Brassica olercucea * var. botrytis . 


8 

Turnips 

Brassicarapa^ 

f9 

9 

Bape-seed (Indian colza) 

Brassica campestris * var. mrson 

ft 

10 

Indian rape . 

Braasica napua var. dichoioma . 

9i 

11 

Badish 

Baphxnus sativus .... 

99 

12 

Melon . . 

Gucumiemelo* . . • 

Gucurbitaoeie. 

18 

Water melon 

Gitrullus vulgaris 

99 

14 

Cucumber 

Cummis sativus* . ' 

99 

15 

Gourd . 

Lagenaria vulgaris . . . 

99 

16 

...» 

Cucumis pubescens** . . 

99 

17 

« * « « 

Gitrullus vulgaris var. fastuhsus 

99 

18 

• * « •* 

Momordica charantia . . 


19 

m * * 0 

Grotala/ria juncea • . • • 

Lcguminosic. 

20 

Guara , . . 

Gyamopsis psor abides* . . 


21 

• * * • 

Mdilotusparviflora* . . • 

..99 

22 

.... 

Euphorbia pilulifera** . • • 

Euphorbiacefic. 

28 

Bed weed . . 

Euphorbia prostata . 

>9 

24 

.... ' 

Phylanihus sp. . . • • 

99 

25 

Batura . . . 

Datura alba** . . - 

Solonacese. 

26 

Chillies . • 

Gapsicum frutescens . . . 

' 99 ' 

27 

Tohacco 

Nicotiana tabacum* . . . 

99 

28 

Black night-shade 

Solarium nigrum . . . • 

99 

29 

Brinjal . . . ' 

Solanum melongena* 

9> 

80 

Potato 

Solanum tuberosum . . 

99 

31 


Solanum xanthocarpum . 

99 

32 

• * « « 

Edipta erecta . , . . 

Composite. 

33 

Sowthistle . 

Sonchus ohraceus** .... 

>> 

34 

Com sow thistle . 

Sonchus arvensis** . 

99 

35 

Safflower 

Carthamus tinctorius 

99 

36 


Carthamus oxyacantha . . , • 

99 

37 


Boerhaavia diffusa , • * • 

NyctaginaoesB. 

38 


Gdosia sp. . . . . . l 

Amarantacese. 

39 

• • . • 

Achyranthes aspera . . . • 

99 

40 


Digera arvensis 

ft 

41 

White goose-foot . 

Ghenopodium album . . . 

Chenopodiacesp. 

42 

Bind Weed . 

Gonvulvutus arvensis** 

ConvulvulacesB. 

43 


Ipomaea Bp. . . . 

99 

44 

Hulhul * 

Gleorm viscosa . . . « 

Capparidose. 


3jifoxB.~--Tiie species attacking Dulbcrgia sieso appears to be differeat, and Boger Thomas’ record [ 


requires confirmation. 

* Cultivated food plants with comparativetly severe attack of White-fly. 

*♦ Weeds with severe attack. 

CSross inoculation. 

To coBfinn the above observations’ and to determine definitely if B. 

perda could be bred on different host plants, the following cross inoculations were 
attempted. Adults were taken from different food plants and sleeved on to their 
other hosts. In every case the adults oviposited quite freely, the eggs hatched and 
the nymphs fed and reached maturity in a normal manner. Table V gives details 
of the observations so far made. Turther work along this line is in progress. 


0 
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Relative incidence of White-fly infestation on diffebent varieties 

OF COTTON GROWN UNDER DIFFERENT CONDITIONS. 

An accurate Hietliod of insect census is an essential foundation for a proper 
determination of the comparative infestation of a pest on different varieties of its 
liGBts, and on plants grown under different conditions witli reference to the date of 
sowing, application of manures, nnniber of irrigations and variations in other agri- 
cultural operations. It must be admitted that at present no satisfactory method of 
taking an accurate census of B. gossypiperda is available. To obtain, as far as possi- 
ble, average figures, three leaves were removed from each plant from three different 
regions— top, middle and bottom. From each plot under observation 9, or in some 
cases 18, leaves were taken from three or six different plants respectively. On each 
of these leaves all the immature stages present within a circle aninch in diameter 
were counted under a magnifyirg glass. Eveiy tffoit was made to Eelect these 
circles from different parts of the leaves at landom. Tables Vl-Xin show the 
results of these observations. It will be found that there are very wide fluctua- 
tions from leaf to leaf. Of course such fluctuations are in the very nature of things. 
On the same plant leaves from different regions may show an enormous difference 
as regards the population of this insect. Leaves from the same region from 
different plants may show equally large differences. In fact, leaves from the same 
region of the same plants may show wide variations in the number of the immature 
stages of the White-fly. Finally, different parts of the same leaf may show 
variations in the population of white-flies. Statistkally, iheref ore, these results 
would be considered unsatisfactory. The relative value of tbese figures, however, 
is clear. For evident reasons it was not possible to examine a larger Dumber of sam- 
ples than has been done, or to carry out a more thorough exammation. 

Comparative infestation on different varieties of cotton. 

It is commonly stated that the incidence of White-fly attack is higher on the 
broad- leaved varieties (Punjab-Americans) than on tbe narrow-leaved varieties 
{desis). Such is tbe opinion also of Misra and lamba [ 1929 ], and according to 
Roberts [ 1929 ], of the broad-leaved, the attack is always worse on the 4F Punjab- 
American cotton and is much less on 289F Punjab-American, As stated above, 
to test these statements statistically is a very difl&cult matter. The following obser- 
vations were made by the above-described method of estimating the population to 
verify the statements of different investigators. 

The common varieties, 289F and 4F, lepresenting the Punjab-Americans and 
molUsoni and sanguineums representing the desis were selected and sown side by side 
in the same plot and given identical agricultural treatments. Detailed observations 
made during the two seasons, 1929 and 1930, are given in the following tables. 
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Wide fluctuations in tlie numbers of tbe immature stages of tbe WMte-fly from 
leaf to leaf and plant to evident. On tbe whole it appears that 

the average infestation oumolliBom was the highest early in the season, both during 
1929 and 1930, later in the season (during August 1929 and during September, 
1930) 289 F came in for an increased infestation (Fig* 1). During October and 
November of both years the severity of infestation was considerably reduced but 
289 F was still leading, whereas moUisoni showed the least attack. Sanguineums 
which had shown the least attack earlier in the season, were the worst infested in 
December, although the general infestation was very light at the time. It may be 
noticed that sangiiineums are very late varieties and when all the other varieties 
have ceased to grow, these continue to produce fresh leaves. Whatever be the 
statistical significance of the figures given, it is ar any rate evident that the white-* 
flies are no respecters of varieties of cotton and there appears to be no truth in the 
statement that the hroad-leaved varieties are attacked more than the narrow- 
leaved and that 4 F carries a higher infestation than 289 F.*^ At this stage of our 
investigation we do not go further than this, Eegarding the power of resistance, 
toleration or recovery of the different varieties no opinion can be expressed at 
present. In so far as the numbers of White-fly nymphs and pupae per unit area of 
the host plant are concerned the above statement holds. 

Date of and imiden(^ of White-fly attach. 

It has been stated by Roberts [1929] that the late sown cottons give higher 
yields, because they escape the attack of a few generations of the White-fly. With 
a view to test this assertion, experiments were started to determine the correlation 
between the date of sowing and the incidence of White-fly attack. The variety 
289 F was sown at fortnightly intervals beginning from the 1st May to 1st July, 
1930. Each sowing was replicated five times, each plot being 1/20 of an acre in 
area. The population of the pest was estimated by the method given above. The 
details of these observations are given in the following table (Table VIII). 

* Roger Tiiomas [1932] maintains that 2S9 R is appreciably more resistant to WMte-fly than 41?. 
He further states ** All the local desi varieties are. , , .reasonably though never totally resistant to White- 
Ryattdick”. These Assertions are not supported by actual facts. 
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Table 

Inddenee of WUte-fly infestaiion on 289 F cotton at Kkanewal m relation to the date of 

been consolidated. Figures from 12th July to 


19 
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Date of sowing 1st May 1980 
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JUNE 

14tli June 1930 
(5 observations) 

42' 

47 

52 

67 

62 

|46 

10 


2 

19 

•• 

8 

•• 

30 

12 

.. 

•• 

14 

•• 

6 

Total immature stages 
in 90 circles. 
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32 




Average immature stages 
in a circle. 

19th June 1930 
(5 observations) 

42 
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•• 
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JULY 

3rd July 1930 
(5 observations) 
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95 

- 

23 

•• 

49 

39 

4 

3 

43 

•• 

6 

Total Immature stages 
in 90 circle*8 



•V 



248 








95 




Average i nmature stages 
in a circles. 






8 








1 




6th July 1930 
(5 observations) 

42 

47 

52 

57 

62 

lee 

J 

H08 

16 

16 

137 


68 

.. 

51 

49 

4 

2 

56 

•• 

18 

Total immature stages 
in 90 circles. 

.... 


•• 



345 








129 




Average immature stage£ 
in a dxcle. 

i 

•• 




4 








1*4 





8th July 1930 
(5 observations) 

42 

47 

52 

57 

62 

]. 

) 115 

23 

23 

131 

•• 

67 

•• 

54 

69 

9 

12 

73 

•• 

22 

Total immature stages 
in 90 i^rcles. 

1 «... 

*; 

- 



359 








185 




Average immature stage 
in a drde. 

* ^ •••• 

- 

•• 



4 
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Late of sowing 1st May 1980 


o , 

Late of sowing 15th May 1930 

Montli 

Late of 


Ja'® 

Top 

six 

leaves 

Middle 

six 

leaves 

Bottom 

six 

leaves 


S’ 

•Ci 

— cS 

S3 trt 

Top 

six 

leaves 

Middle 

six 

leaves 

Bottom 

siX' 

leaves 

examination.. 

6 

"o 

S 


a 

bc 

W 

•cs 

g 

a 

II 

Cfi 

bO 

bti 

m 

VJ 

d 

cS 

to 

S2i ^ 

1/1 

bc 

bii 

m 

reJ 

P 

es 

t« 

o 

*2 

|l 

. o S 

03 S 

a 

bD 

m 

•t) 

tt 

cS 

S. 

jjj. » 

1 

W 

s 

p 

|) 

bo 

*d 

i 

A 

fts. 

JULY 

12th July 1980 

42 

78 

24 

2 

4 

26 


11 

43 

58 

14 

. . , 

■' 3'"", 

15 


4 ' 



47 


20 

1 

6 

17 


8 

48 


8 

.. 

5' 

11 


■2". 



52 


28 

6 

13 

46 

•• 

21 

53 


' 22 

1 

2, 

21,: 


11 



57 


26 

6 

8 

38 


13 

58 


18 

2 

5 

20 

. . 

6 



62 


23 

4 

5 

33 


12 

63 


15 

2 

2 

19 


' 6 

Total infestation in 90 
circles. 


•• 




309 








213 




Average i nfestation in a 
circle. 


.. 




4 








2 ■■ 





18th July 1930 

42 

79 

35 

17 

33 

71 

5 

55 

43 

64 

27 

14 

31 

43 


'42 



47 


34 

20 

29 

64 

7 

49 

. 48 


23 

8 

25 

50 

3 

35 



52 


54 

32 

42 

94 

13 

66 

53 


36 

20 

37 

65 

10 

67 



57 


44 

21 

39 

85 

9 

65 

58 


32 

14 

34 

63 

7 

66 



62 


46 

17 

36 

60 

12 

57 

63 


80 

17 

29 

61 

6 

50 

Totalinfestation in 90 
circles. 


•• 




1217 




.. 




894 




Average infestation in a 
circle. 






14 




• • 




10 





22n{i July 1980 

42 

83 

33 

19 

36 

72 

7 

52 

43 

68 

28 

12 

'34 

49 

2 

42 



47 


34 

21 

1: 32 

62 

5 

64 

48 


25 

5 

28 

44 

6 

84 



52 


60 

83 

45 

103 

17 

66 

53 


I. 34 

24 

89 

61 

8 

67 



57 


46 

25 

37 

92 

15 

63 

58 


82 

14 

36 

54 

4 

50 



62 


46 

17 

38 

80 

14 

56 

63 


1 29 

15 

32 

56 

7 

48 

Total infestation in 90 
circles. 

Average infestation in 
a circle. 


. . 





1269 







918 



.... 

.. 





14 




i 



1< 

2 




26th July 1980 

42 

87 

88 

2Z 

89 

88 

8 

65 

43 

1 72 

31 

|;38;, 

87 


8 

49 



47 


32 

24 

36 

72 

3 

58 

48 


.28 

3 

29 

49 


48 



52 


75 

44 

61 

137 

12 

92 

53 

! 

40 

1 26 

46 

81 

7; 

76 



57 


63 

39 

43 

118 

8 

75 

58 

1 

36 

20 

42 

72 

"6 

67 



62 


61 

29 

46 

104 

10 

66 

63 


33 

1 21 

40 

62 

9 

62 

' Totalinfestation in 90 
circles. 

Average inf estatlon in 
a circle. 

.... 

- 




1658 

17 







1111 

12 

1 
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Bate of sowia? Isfc June 
1930 


Top 

six 

leave s 


Middle 

six 

leaves 


Bottom 

six 

leaves 







IS' 

|Zi 


Sg'l 

>» 


» 

92 

71 

39 


103 


103 






284 

4 







31 


15 

6 

.. 

9 

>» 





i 






110 

8 

1 

3 

14 

4 

*• 






m 






124 

9 

2 

6 

5 

4 

5 

- 


■ 

1 

1 

1 




— 


137 

12 

2 

5 

9 

2 

6 





36 

0-7 





»» 

151 

6 

4 

8 

10 


8 






81 

0*6 


1 

1 

1 


163 

7 

1 

4 

9 

1 

6 


3f 




27 

0-5 





171 

6 

2 

8 

6 

.. 

3 

■> 





19 

0-3 





- 

190 

6 

S 

8 

9 


5 

» 





26 

0'5 






Kymphs 
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i Three different tests may be employed when comparing the incidence of attack. 

' on the plants sown on different dates, and, therefore, at different stages of growth 

at a particular time 

; (i) The incidence of attack may be determined on a particular date irres* 

I pective of the age of the plants to be compared. 

1 {ii) The incidence of attack on the plants of the same age may be compared. 

{Hi) The total infestation on the plants during their entire life may be 
compared. 

We shall examine the data collected in accordance with these tests. 

I (i) Eelative incideme of attach on sfecific dates on 289F cotton plants soton on 

different dates.— The observations made so far (Table VIII) undoubtedly show 
that, up to the 19th August 1930, the earlier sown plants were more severey infested 
than the later sown. 

^ A week later, however, i.e., on the 26th August, the situation had altered and 

- , practically all the five lots showed almost the same intensity of attack, and hence- 

i I . forward, although the severity of attack had abated, yet its relative incidence was 

i' ^ , more or less the same on the early sown and late sown crops, as shown in Table 

ij i IX in which the results of Table VIII have been summarised for convenience of com- 

^ parison. 



Date of oxa< 
minatiou 


8th Aug. 
19th „ 


Table IX. 

Incidence of attack on particular dates on plants sown at different dates. 
(Summary of Table VIII.) 


Eomarks 


1st July 1930 


(days) 


A V o !• a g o 
number of 
nymphs in 
IB circles, 
each one 
inch in 
diameter. 


1st May 19 ^0 


0) i 

(days) 


o SS, 

6 >s 
|Zi S! =* 


ISth May 1930 


(days) 


a 

o 


I 


1st June 1930 


<D B 
(days) 




Date of sowing 


15th June 
1930 


(days) 


79 

156 

87 

205 

100 

260 

Hi 

89 

117 

43 

+ 
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Table IX— corned!. 

IndAefm of attach on particidar dates on plants sown at different (Zafes— contd. 

(Summary of Table VIII). 



Bate of sowing 



1st May 1930 

15tli May 1930 

1st June 1930 

16th. June 

1st July 1930 


Date of exa- 











Remarks 

m illation 

o 

CO Q, 

A 

O 

CO 

•e 

"33 i 

O 

00 

•+3 


*o 

w 

43 

te Crt 

I, 

O 

CM 00 m 


§ 

a ^ 

j| 

§ 

8)'^ 

■< 

o cl S 

IZ! 

i 

tiO ^ 

< 

a ^ 

1 

a ft 

o-fl1 

^ a s 

s 

gb'^ 

< 

a 

1 CJ cs 



(days) 


tdays) 


(days) 


(days) 


(days) 



1930. 












1st Sept. 

124 

77 


68 

92 

61 

78 

44 

63 

33 

A V e r a g o 







1 

1 



number of 
nymphs in 


nth „ 

134 

3 

119 

5 




6 

73 

8 

IS circles, 
each one 
inch in 

3rd Get. 

156 

6 

141 

9 

124 



2 

95 

4 

diameter. 

30tb „ 

183 

5 

168 

6 

161 



4 

122 

4 


19th Nov. 


6 

188 

6 

171 



4 

142 

6 


StbDeo. 

222 

4 

mm 

5 


6 

176 

6 

161 

6 



(ii) Incidence of attach on the plants of the same age.— On the other hand, if tlxe 
plants of the same age, from difierent sowings be compared then one finds a 
different story (Fig. 2). For instance, in the plants abont 60 days old, the earliest 
^ and the latest sown are the least attacked, while those sown on intermediate dates 

show higher attack, and the crop sown on Ist June is the worst infested. At the 
age of 64 days those sown on 15th May and 1st June show the highest attack, while 
on the other three the attack is more or less similar. The plants sown on 16th May 
have five times higher attack than those sown on 1st May. If plants of difierent 
sowings are compared at the age of 79-81 days, then one finds that the earlier 
r sown are the more heavily infested, and, age for age, the difference becomes marked 

as we proceed towards the later sown. At the ages of 94-96 days the earliest 
sown is by far the worst attacked and the lots sown on 15th June and 1st July are 
the least attacked. At the age of 124 days the earliest sown is the only plot which 
is seriously infested. At the age of 137 to 142 days the attack may be stated to 
be the same in all cases, and this continues as shown below : 
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Table X. 

Incidence of WMte-fy infestation on plants cA approanmately the mme ages smm t 

different daiea. 

(Summary of Table VIII). 

Date of sowing 


1st May 1930 15th May 1930 1st June 1930 


16th June 1930 

1st July 1930 1 

HHI 

J 

bC cu 

(days) 

a 

*3 

OQ 

CD 1 

(daj-s) 

a ft 

54 

36 

50 

9 

65 

27 

63 

33 

78 

44 

81 

3 

96 

9 

95 

4 

123 

6 

122 

4 

137 

I 

4 

142 

6 


Remarks 


50 5 51 16 51 57 54 36 60 9 Average 

64 26 64 113 62 102 65 27 63 33 number of 

79 156 79 148 79 66 78 44 81 3 nymphs 

94 250 96 66 92 61 96 9 95 4 and pupje 

124 77 127 2 124 4 123 6 122 4 in 18 circles 

142 4 141 9 137 6 137 4 142 6 of one inch 

diameter 

each. 

(in) Totalinfestation during the entire life of the plant. — will be quite obvious 
from Table XI and Fig. 3, that tbe plants sown on 15tb June and Ist July bad a 
very low total infestation. Tbe plots sown on 1st of May, 16tb of May and on 1st 
of June did not sbow any difference in tbe early stages and all three bad Suffered 
from a relatively bad attack. Tbe total magnitude of attack is highest on the early 
sown and is gradually less on tbe later sown. Unfortunately, tbe plots available 
for these experiments were not of uniform fertility. Some of these plots bad 
remained fallow before cotton, while on others cotton bad followed wheat. The 
yields* obtained, therefore, cannot be compared. In a general way, it may be stated 
that tbe four plots sown from the 1st of May to the loth of June gave more or less 
BimilaT yield, while the one sown on 1st July gave an excessive yield, evidently 
because of high soil fertility. It will not be out of place to mention that Trought 
[1930] has shown that, the cottons sown late have a greater rate of growth and 
increased flower and boll production, and he is inclined to recommend let June to 
16th June for general sowing. He, however, remarks : “ It seems clear also that 
sowing as late as July 1st, is not profitable and first half of June is probably the 


*Sown on 
1st May 1930 
I6tb „ 

1st June „ 
15tb „ „ 

1st July „ 


Yield per acre 

Mds. Srs. 

9 16 

10 6 

8 9 

8 16 

17 2^ 
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optimum date.” It is possible tKat the infestation of White-fly is a contributing 
factor and the late sown may possibly give a higher yield because of a less severe 
attack. However, one has to recognise that it is really the plants sown after the 
15th June which are the least infested. The plants sown from 1st May to 1st June 
are in a peculiar situation. The earlier sown have the greater total infestation 
while the later sown get a more serious attack at the earlier stage of their life. It is 
too early to express a definite opinion. 


LGljailJ:i...A 




'm 


IIm 


■ " itm - \i6m m\v zem n.vift mm asviit a 

of observations 

Fig. 3. — ^Infestation of B. gossypiperda on plants sovm on different dates. 

N,B , — ^From 3rd October 1930 to 8th December 1930, the infestation was practically uniform on all sowings 
hence it is not represented in the graph. 
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Table XI. 

Rdative incidence of White-fly infestation on plants sown ai different dates. 

(Summary of Table VIIL) 


Bate of sowing 


15 th June 
1930 


Date of exa- 
mination 


Eemarks 


The number 
of nymphs 
in this 
table is an 
a V e r a ge 
n n m be r 
present on 
an area of 
18 circle 
inches. 


Total 


Average pei 
observation 


Influence of manures and fertilizers on the incidence of cotton White-fly. 

The increasd in the vigour of the plant through manures and the change in the 
chemical nature of the sap produced through fertilizers, are considered hy some as 
measures likely to safeguard crops against damage from insect pests [Andrews, 
1923]. Daring 1929, a few preliminary field experiments were made to study the 
effect of manures on the infestation of B. ^rossypiperda. Farmyard manure at 
the rate of one hundred maunds per acre was applied a couple of days before 


1st- May 1930 1 

HM 

o 

OQ 

1 

< 

^ (Jays) 

OrCJ S 

c 

45 

4 

50 

5 

64 

26 

69 

46 

73 

48 

79 

156 

83 

163 

87 

205 

94 

250 

100 

260 

111 

89 

117 

43 

124 

77 

134 

3 

142 

4 

156 

6 

189 

3 

183 

5 

195 i 

4 

203 1 

6 

222 1 

4 


1,407 


69 
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sowing and soda nitrate and anunoninm sulphate, each at one maund per 
acre, were applied on the 10th of June just before sowing. For each manure 
an area of half an acre was treated and a corresponding area was kept as 
control. Both the manured and unmanured areas were further divided into two 
equal plots and for each experiment one manured and one unmanured plot was put 
under 289F, and the other under molUsoni. The whole area was sown on the 
loth of June and except the manurial diflerences, aU other cperations weie 
precisely rmiform in all the plots. Except during July and December, 289F was 
twice as severely infested as mollismi, and the manured plots on the whole showed 
a slightly higher infestation than the unmanured. Of the manured plots the 
White-fly attack on the whole was severest in plots treated with farmyard manure, 
while it was lowest in the area treated with soda nitrate. The difference, however, 
caimot be considered significant. 

A similar experiment was repeated in 1930, with soda nitrate and ammonium 
sulphate which were applied on 16th August 1930 as against 10th June 1929 in the 
previous experiment. The White-fly attack being very mild this year, the infesta- 
tion was practically uniform in both manured and control plots. Soda nitrate, 
however, showed a slight indication of lower infestation than the others but the 
difierence was insignificant. 


Table XII. 

Incidence of WMte-jly attach in relation to femnyard manure and fertilizers. 

1929. 


Month Tinder 
observation 


1929 

July 


August 


4 


I’armyard manure 

Control 

Soda nitrate 

Control 

Ammonium 

sulphate 

Control 



Immature 

Immature 

Immature 

Immature 

Immature 

jtmmatnie stages 


stages 

stages 

stages 

stages 

stages 




(1) Per 

ob- 

(1) Per ob- 

(l)Per 

ob- 

(l)Per ob- 

(l.) Per ob- 




servation 

servation 

servation 

servation 

servation 




of 

9 

of 9 

of 

9 

of 9 

of 9 

(1) Per observation 

of 9 

leaves 

leaves 

leaves 

leaves 

leaves 

leaves 



(2) In 

a 

(2)In a 

(2) In 

a 

(2) In a 

(2) In a 

(2) In a circle of 1 in. dia- 

circle of 

circle of 

circle of 

circle of 

circle of 

meter 



1 in. dia- 

1 in. dia- 

1 in. dia- 

1 in. dia- 

1 in. dia- 




meter 

■ 

meter 

meter 

meter 

meter 


r (1) 

206 

: 

a) 

218 

(1) 401 

(1) 

262 

(1) 184 

(1) 142 

moUisoni 











1 (2) 

23 

(2) 

24 

<2) 46 

(2) 

29 

(2) 20 

(2.) 16 


f (1) 

33 

(i> 

59 

(1) 67 

(1) 

66 

(1) 03 

(1> 69 

280-F 











1. (2) 

4 

(2) 

7 

(2) 7 

(2) 

6 

(2) 7 

(2) 7 


r 

698 

(1) 

212 

(1) 1,002 

(1) 

267 

(1) 947 

(1) 259 

moUisoni 











\ (2) 

77 

(2) 

24 

(2) 111 

(2) 

29 

(2) 106 

(2) 29 


r (X) 1,468 

(1) 1,044 

(1) 1,673 

(1) 

908 

(1) 1,664 

(1) 1,046 

289-®* 











1 (2) 

163 

(2) 

116 

(2) 176 

m 

101 

(2) 184 

<2) 116 
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Table XII~co9^]^. 

Incidence of WMte-py attach in relation to farmyard manure andfertilizerB—ccrntdi^ 

1929 — contd. 


Control Soda nitrate LControl Control 


Farmyard mannre 


Immature staces 


Immature 

stages 


Immature 

stages 


Immature 

stages 


Imm ature Immature 

stages stages 


Month under 
observation 


(1) Per Ob- (1) Per oh- (1) Per ob- (1) Per ob- (I) Per ob- 


servation 

(1) Per observation of 9 or 9 

leaves leaves 

(2) In a circle of 1 in. dia- (2) In a 

meter circle of 

1 in. dia- 
meter 


servation 
of 9 
leaves 


servation 
of 9 
leaves 


circle of 
1 in. dia- 
meter 


a (2) In 


servation 
of 9 
leaves 


servation 
of 9 
leaves 


circle of 
1 in. dia- 
meter 


(2) In a (2) In a 
circle of circle of 


1 in. dia- 
meter 


1 in. dia- 
meter 
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Natobe and extent of damage. 

To datemltts t;h3 nafcara aai exfceat of damx^a oxuied bj B. gossyp\p3rd%, t,h<i 
AmericaTi variety, 28')F. was selected aad cage exporiments performed in 192i> and 
1930, at Khanewal. The plants were growa under muslin cages each fl x6x6 ft. 
They were given precisely the same agricultural treatments as the crop outside the 
cages. Infestation witbiu the cages was controlled by spraying or by introducing 
White-fly adults as desired. One need hardly point out that under cages the plants 
behave differently than in the open, but comparative results under similar conditions 
are significant. 

The nature of injury caused by the White-fly has been fully discussed previously 
by Afzal Husain [1930]. The insect does not produce any visible structural damage 
to the leaves of the host plant, in other words, there is no spotting, deformation, 
curling, crinkling or withering. Some of the leaves of the infested plants, as is 
the case with all infestations by insects that produce honeydew, become oily in 
appearance and sticky to the touch, particularly on the upper surface, and ulti- 
mately on account of the growth of fungus present a sooty appearance. The pre- 
sence of fungus certainly interferes with photosynthesis and the evil effect of the feed- 
ing of innumerable sucking insects can hardly be underrated. 

1. Severe infestation. 

(i) Three cotton plants were enclosed under a cage on 16th June 1929 and 
numerous adult White-flies were regularly introduced to maintain a uniformly severe 
infestation. The infestation was very intense and far above that which one finds in 
nature even in the worst cases. The plants continued growing but the leaves were 
flaccid and turned black on account of the growth of fungus on the honeydew. 
Ho reddening of leaves or premature defoliation was noticed. Only one plant pro- 
duced five floral buds all of which dropped off. 

(I'i) During 1930, a similar experiment was started on 16th July with two 
plants instead of three. Premature defoliation was noticed after 8th September 
1930 which gave these plants a sickly appearance. In afl 189 leaves were produced 
up to the 8th September, and the maximum size of a leaf determined from the 
average of three biggest leaves was 8'6 in.x7T in. Only three floral buds appeared 
in this case and all dropped off. The secretion of honeydew and the growth of 
mould was very marked. 

(m) In a duplicate of the above experiment started on the same date in 1930, 
both the plants grew normally in spite of the severe infestation, but did not produce 
any floral bud. Premature defoliation was prominent on one of these plants 
{Plate LVI, fig. 1). The two plants produced a total of 362 leaves and on an average, 
the maximum size of a leaf calculated from the three biggest leaves was 8'8 in. x 
7"8-in. The conditions regarding honeydew and mould were as above. 
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{m mi v) Similar experiment were started on 18tli August 1929 
August 1930, Tte vegetative growth continued to be normal in both cases whereas 
the bottom and middle leaves turned black. on account of the mould. During 1930, 
these plants produced 235 leaves and on an average, the maximum size of a leaf 
calculated’ on the basis of three biggest leaves was 8*6 in. X 6*6 in. In 1929, 
out of 136 floral buds produced on these plants, only 8 matured giving 94 per cent, 
shedding, while in 1930, out of 44 floral buds produced, 68 per cent, were shed. 

\ Moderate infestation. 

(i) Two cotton plants were enclosed under a cage on 8th July 1929 and the in- 
festation found under field condition was allowed to continue. By the end of August 
the bottom and middle leaves had turned black on account of the mould. Out of 
601 floral buds produced on these plants, 71 per cent, were shed and 47 per cent, of 
tire rest opened well. 

(u) In 1930; similar experiment was started on 15th July. Vegetative growth 
was normal but the bottom leaves dropped off and a few leaves turned red by the 
middle of October. These plants produced 364 leaves up to the 8th of , September 
and on an average, the maximum size of a leaf, calculated on the basis of three 
biggest leaves, was 8*8 in. X 6*3 in. Out of 97 floral buds produGed, 45 per cent, 
were shed and 70 per cent, of the rest opened weU'(Plate LVII, figs. 1, 2). 

{Hi) The above experiment was duplicated on the same date in 1930 and the 
plants behaved practically in the same manner. In aI1309 leaves were produced 
and on an average, the maximmn size of a leaf, calculated on the basis of three 
biggest leaves, was 10*0 in. X 7*7 in. Only 94 floral buds appeared, of which 35 per 
cent, were shed and 70 per cent, of the remainder opened well. 

(ir Similar experiments as the above were repeated on 1st and 16th 

August 1930. The plants maintained quite normal growth. Out of 88 and 89 
floral buds produced respectively, only 60 per cent, matured of which 71 per cent., 
had a good opening. 

3. Praeiioaldy free from inf esUtion. 

(i) Two cotton plants were enclosed under a cage on 28th June 1929. They 
were sprayed with rosin compound shortly before being caged and spraying was 
repeated on 10th August and 23rd August to keep the plants free from attack. In 
all 537 floral buds were produced of which 60 per cent, were shed andb9 per cent, 
of the matured bolls opened nicdy. : The plants on the whole maintained a very • -, 
healthy condition, : ' / 

” ; (ii) /Similarly in 1930, two plants were sprayed with rosin compound on. '15th 
July :b?id enclosed . They wep again sprayed on 26th July after.?^^:/: 

the surviving iaseots .wotc hafifl-rpicked.... JThe plants in general exlubitedl-a«iluiB^^ 
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vegetative growtli. In all 354 leaves were prodnced and en an average, tlie 
maximum size of a leaf, calculated ffomthreebiggest leaves, was 10 in. X 8 in. Out 
of 179 floral buds produced' in this case, 28 per cent, were shed. Matured bolls were 
well developed and 92 per cent, of them opened well. 

(■iw) The above experiment was duplicated on the same date in 1930. The plants 



grew very tall but there was an indication of premature reddening of leaves and 
the bottom leaves dropped off. In all 338 leaves -were produced on these plants and 
on an average, the maximum size attained by a leaf, calculated from three biggest 
leaves, was 10 in. X 8 in. Out of 196 floral buds produced/25 per cent, were shed 



Bolls 
■'« opened 


JleiuarkB 


iBt August 1930 


Ato August 1930 


and 94 per cent, of the matured bolls opened well (Plate LVIII, figs. 1, 2), 

(iv and v) The foregoing experiment was repeated on 14th August during 1929 
and on 1st and 15th August 1930. The vegetative growth in all these cases was 
very good, but in 1929, premature reddening was observed. Shedding of buds and 
bolls was estimated at 65 per cent, during 1929 whereas, in 1930, it was only 25 
per cent, and 28 per cent, respectively, with a corresponding good opening of 88 
per cent, and 86 per cent; 

It was observed during 1930, that the number of floral buds formed on all the 
plants under cages was comparatively much below that obtained in 1929. This 
fall in number was possibly the result of soil conditions because in 1930 the soil on 
which cages were fixed was of poor quality and moreover the cotton crop was 
sown after wheat. As all the experiments were performed in the same field, in that 
particular year, the results are comparable. 

Table XIV. 

Influence of B. gossypiperda infestation on cotton plants under cages, 1929-30. 


J>egrce 
of iiifoata* 
tlou 


Bate of start- 
ing Um ex- 
periment 


Total num- 
^ ber of floral 
§ buds, flowers 
and bolls 


I dSS i 


i’reo from in- 28tb June 1929 
festation 

14th August 1929 


15th July 1930 


f A 246 164 

iB 291 166 

CA 180 126 

IB 107 64 


i Plants Ull and ' 

bushy, leaves 
green. 

Premature red- 
dening of 
leaves. 

12 1 Growth luxuri-1 Average nnm- 
6 I ant. foliage I 

1 green, indica- ‘ bran eh rs 
6 >aon ofOwpra- S ,S,nf 
6 ■ mature redden- 

J ing of leaves. L 
13 1 r 

n I Infestation was Av^age num- 
l removed in I, per of 
18 f the month of I, leaves per 
13 I August: I plant 174. 









Severe infes- 
tation 

letli June 1929 


IStli August 1929 


15th July 1930 


15th July 1930 


1st August 1930 


The cage experiments mentioned above indicate that, as a resnlt of White-fly 
infestation, the vegetative growth under normal conditions of attack, is hardly 
affected. But, on the other hand, the reproductive activities of the plant are 
severely interfered with. The White-fly infestation could not he held directly 
responsible for reddening of leaves because this character developed even on those 
plants which were thoroughly sprayed and were thus practically free from this 
insect. On the contrary, the plants which were severely infested, were absolutely 
free from this symptom. Premature defoliation was not common in the fields 
where soil was good, and normal care was taken as regards irrigation. On the other 
hand, in poor soils with poor irrigation, premature defoliation was rather common. 
The White-fly in such cases might be a minor contributing factor. Only in cases 
of extreme infestation (cage experiments), defoliation was noticed in cases where 

the attack had started very early and a severe intensity of inf estation was main- 
tained throughout the season. Thus, under moderate infestation the attacked 
plants continue to grow and maintain a fairly healthy condition. 
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of. each nton^h, 1929. 
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The sprayed plants exhibited an exceedingly good vegetative and reproductive 
growth. The plants became bushy with the foliage quite green, boiling was 
profuse and the opening quite good. In cases of severe infestation, the develop- 
ment of floral buds had almost totally stopped and even those buds which had 
actually appeared were all shed {Figs, 4 and 6). In cases of moderate attack, or 
when severe attack had started late in the season, the number of matured bolls on 
the plants was appreciably reduced, the percentage of boll-shedding was compara- 
tively very high, and at the same time, the opening was considerably poor (Table 
XrV). In other words, the bud and boll formation was indirectly proportional, 
while bud and boll-shedding and bad opening of the bolls were directly proportional 
to the intensity of the Wbite-fly attack. 
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A series of observations were also made on tbe number and weight of seeds per 
boll from sprayed and nnsprayed plants under cages. It was estimated that the 
sprayed plants gave a higher number of seeds per boll and also higher lint percen- 
tage than those unsprayed. It is quite evident from the above experiments that; 
with moderate infestation, the vegetative growth of the plants is not materially 
affected but it is the reproductive faculty which is interfered with considerahly. 

It is necessary here to make a distinction between this condition and the 
condition of the plant during years of general failure. The plants attacked by 
White-fly would not produce bolls while according to Eoberts [ 1929 ], during years 
of failure there would be a fairly large number of bolls but these would not open 
properly. 

It appears that the White-fly, by sucking cell sap, interferes with the metabolism 
of the plants and upsets the normal behaviour in so far as reproduction is con- 
cerned. Attempts are being made to analyse these factors. 

Bolhshedding and bad opening is undoubtedly a result of malnutrition, but 
this malnutrition, which the result of a severe infestation of the White-fly, would 
be expressed more prominently in the non-formation of flowers and consequently of 
bolls. It is most unlikely that, as a result of White-fly infestation, there should be 
profuse boiling as stated by Eoberts [1929] and then the bolls would shed and 
tarek appear. 


Parasites. 

gossypiperda nymphs in the 3rd in star and pupae, have been found parasi- 
tized by chalcid parasites (not identified yet). The parasites deposit their eggs 
within the body of the host. The adults emerge out of the pupal skin by cutting 
. circular holes. Laboratory experiments carried out at Ehanewal, indicated that 
the duration of the life-cycle of the parasite is six or seven days during the month 
of August (Plate LIX, figs. 1-4). 

Parasitization in nature was noticed to be very low at first, i.a., in June and July 
: but -vrith the advance of season it increased, reaching an average of 23*6 per cent, in 
' September (1929). The parasite, however, does not effect a satisfactory control. 
^ The extent of parasitization during different months of the year has been deter- 
mined by actual couuts of the attacked pupae cases. 



PLATE LIX. 


Life-Histoey of Parasite. 


Fig. 1. — ^Egg laid withia the body of White-fly nymph. 2. — ^Parasite grub in the body of the nymph. 
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Table XV. 

Parasitizatim in nature {1929, 1930), 


No. of No. of 
pupae pupae 

cases cases 
exa- parasi- 
mined tized 


Percen- 
tage of 
parasi- 
tization 


1930 

No. of 
pupae 
cases 

exa- 

mined 

No. of 
pupae 
cases 
parasi- 
tized 

Percen- 
tage of 
parasx- 
tization 

280 

6 

1*7 

766 

36 

4*7 

1,481 

176 

11*8 

1,405 

269 

19*1 

942 

162 

17*1 

1,437 

187 

13*1 


Bemarks 


June 272 7 2*5 280 6 1*7 

July ... ... ... 766 36 4*7 

August 470 84 17*8 1,481 176 11*8 

September 1,866 442 23*6 1,405 269 19*1 In certain indivi- 

Oetober 610 105 17*2 942 162 17*1 dual cases, 

November 1,642 80 4*8 1,437 187 13*1 maximum para- 

sitlzation was 
as bigh as 33 
per cent, during 
S ep t e m ber, 

1 1929. 


Predators. 

Larvae of a lacewing {Ghrysopa sp.) and of a coccinellid beetle 
sp.) have been observed feeding on tbe adults of the cotton White-fly. Further, 
it has also been observed that the number of adults killed by an individual grub of 
Brumus or Ohrysopa sp. far exceeds that which is actually required for its feeding. 
Judging from their activity in nature, it is, however, quite obvious that these 
insects do not afford a good check. A few casual observations made to estimate 
the population of both these predators in nature, are given in the following 
table:— 

TableXVI. 

Popuhtion of the predators in nature. 
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Insecticidal. 



Preliminary experiments to determine the efficacy of the insecticidal methods 
of control were carried out in 1929 [Afzal Husain, 1930]. Spraying with rosin 
compound and fish oil soap gave encouraging results. In 1930 the following scheme 
of spraying was adopted, and rosin compound was employed : — 

I. One spraying. — ^July, August or September. 

n. Two sprayings.— July and August, July and September, or August and 
September. 

ni. Three sprayings. — July, August and September. 

lY. Tmtnighlly sprayings.— '$idky 

The plots used in all the foregoing experiments were tVth of ah acre each, but 
they were further sub-divided into outer non-experimental and inner experimental 
areaSi Thus each of the experimental plots measured about :^th of an acre. 
Yields from the experimental plots were compared with those from the correspond- 
ing area in the unsprayed plots. The crop was sown on ridges and the number of 
plants in both the control and treated plots was approximately the same. 

It was’ observed that the sprayed plots maintained a much healthier condition 
and that the opening of bolls was also comparatively better than in the case of the 
unsprayed plots. Further, the effect of spraying lasted for a considerable time and 
the intensity of attack oh the sprayed plants was comparatively low throughout 
the season. 

Comparative infestation in these experimental plots was observed to be the 
lowest in those plots which vrere sprayed both in July and August and the yields 
obtained from these plots were the highest — 3 maunds, 22 seers per acre above 
control (Table XVII). 

From the results obtained it appears that a single spraying in the month of 
August or one spraying in July and one in August, are very beneficial (Plate LX, 
figs. .1 and 2). As this experiment has been performed on very small areas we are 
not prepared to make definite statement regarding the efficacy or economics of the 
method, nor do we offer, at.,this .stage, any explanation of the comparative results 
obtained by two . sprayings in July. j^nd. August, July and September and. August 
and September. We must await further large scale trials before a precise statement 
regarding , the value of spraying, and the most economic method and best time for 
/spraying, can be imide. The average cost of ; spraying with rosin compound was 
’:Ai|Qjr)fed^QUfbF the Briti^^ (growing Assdciation (Punjab) Limited, Khanewal, 

a* - 'Bu 2r9' per I acre: T|ie estims^te was based on the figures obtained by spraying 
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-Condition of cotton crop ip a plot with nonnal infestation of White-fly (control plot). 


Kg.l 
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Table XVII. 


Yields obtained from sprayed and unsprayed experimental plots {1930). 


Sprayed in the 
month of 


SlNOLB SPRAYINa 


September 


Yield from Increase Average 

Line stayed "(Stf “ 

No- plots ptote peraore 


Remarks 


Mds. Srs. 


^5 Rack experiment 
was replicated 
thrice in each line 
of the square. 
There were, there* 
fore, 12 replica- 
tions in all. 

Each experimental 
plot was 
4 acre. 


Doublr sfbayxno 
July and August 


July and September 


13-82 

12-44 ( 3 22 *Eour replications. 

9-75 ) 


August and September 


1 34 replications. 


Tbxhjbj sbravikg 

July, August and 
September 


Fort NIGHTLY 
SPRAYING 

sprayed fortnightly 
from J uly to Septem- 
ber. 
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Summary. 

The life-Mstory of Bemisia gossypiperda hm hem studied, and its va^Tiom 
described. There may be twelve generations in a year but the broods overlap. 
The eggs are laid singly on the underside of leaves, the maximnm number of eggs 
laid by a female in 18 days was 119. The incubation period extends from 3 to 33 
days. The duration 'of the nymphal stage varies from 9 to 81 days, the pupal 
period lasts from 2 to 8 days. The average duration of life-cycle from April to 
September is 17‘6 days. The longest life-cycle extends to 107 days between 
November and February. The adults, as a rule, emerge during the day time and 
are short-lived during summer. The progeny from parthenogenitic eggs consists of 
males only. 

Infestation, as a rule, is severest on cotton during July and August. The 
white-flies do not show any particular preference for different varieties of cotton. 
The incidence of attack on the early sown crop was comparatively higher upto 
September, after which it was practically uniform on all the sowings. There is not 
much difference between the cotton sown between 1st May and 1st June but the 
cotton sown later escapes the attack of the pest. 

The intensity of attack was higher on the manured plants but plants treated 
with soda nitrate at one maund per acre, showed comparatively less attack. 

The normal infestation of White-fly does not very much interfere with the 
vegetative growth, but the development of floral buds is hindered, and the shedding 
percentage increases. Shedding and bad opening of bolls are directly proportional 
to the intensity of attack. 

Parasitization in nature was observed to reach a maximum of 33 per cent, of 
the pupae during September. Some predators have also been noticed. 

Over three dozen different plants including weeds and cultivated crops have so 
far been recorded as alternative host plants of the cotton WTiite-fly. Cross inocu- 
lation gave successful results in case of a number of alternative food plants. 

Spraying of cotton fields with rosin compound once in the month of August or 
twice, first in July and again in August, has given very encouraging results. 
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Studies in Indian oats 


I. THE IMPROVEMENT OP THE CROP BY SELECTION AND THE ACCLIMATI- 
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(With two text-figures) . 

I. Inteoduction, 

The popularity of oats as a fodder crop is gradually increasing in India and it 
is not uncommon now to find large areas of this crop especially near towns and 
military stations. The local ryot too has begun taking it up to some extent for 
green fodder as well as for its seed. The grain in this country is mostly used for 
feeding horses and the straw is recognized as being more nutritious than that of 
wheat or rice. As an article for human consumption the oat grain has not yet 
attracted any attention in India. This is perhaps due to the fact that the oat 
which is ordinarily cultivated here has a very thin kernel and is rather difficult to 
husk out. The present paper is intended as an introduction to the more detailed 
study of the oat crop which forms the subject of subsequent papers in this series. 
The second paper [Shaw and Bose, 1933] deals with the inheritance of characters 
in some interspecific crosses between Indian and exotic oats and will lead on to an 
investigation of the economic possibilities of the hybrids. 

Oats belong to the genus Avena of the Natural Order Oramineae. Watt [1908] 
has reported the existence of 13 species of Avena in addition to the cultivated one 
met with in India. The wild forms all occur on the Himalayas and none of the 
truly indigenous species are ever cultivated. In all books of references the com- 
monly cultivated species in this crop has till now been called Arena satim Linn., 
the species which is common in the United Kingdom. A careful study of this crop 
as grown in Bengal, Bihar and Orissa, United Provinces of Agra and Oudh and 
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jPuBjai) has definitely shown that the Indian oat belongs to the cnltivated species 
oi Amm sterilk, cuUaLi^^ 1929]. It may be noted that this 5s the species 

generally grown in the warm eonntries round about the Mediterraneanj and in all 
tropical and sub-tropical countries, and differs but slightly from A, which is 

commonly cultivated in more temperate climates. Lately some American 
workers have adopted the use of the name A, bymntina KogIx, iot Avena sterilu 
van euUa Linn, and this synonym is gaining in popularity. The main 
differences between the two species of Avena are presented in the following table 

Table L 


Characteristic differences between the two main cultimted species of oats. 


Oliaraoter. 

A. satimJj, 

A. sterilis h, var. 
cuUa ov 

A, b^antina Koeh, 

1. Eorm. of attaclimeiit of the 
loirer grain witK the main 
axis. 

Hot articulated 

Articulated^ Shows a ^‘Sucker- 
mouth ’’ soar at the base of the 
lower grain. 

2. Form of attachment of 
Tipper grain. 

the 

Articulated. When pulled, it 
breaks off from the rachilla 
which remains attached to the 
lower grain. 

Not articulated. When pulled, 
it comes off carrying the 
rachilla with it. 

3, Awns 


Long, coarse and frequently 
geniculate and twisted at the 
base. 

Thin and practically straight. 

4. Basal hairs 


Very few fine hairs at the base 
of the lower grain, sometimes 
even nil. 

Many proxoineut hairs at the 
base of the lower grain. 


In the ^ Ain-i-Akbari ", 1590, niention is made of oats in the chapter on fodder, 
but leaving this aside the cultivation of this crop in India can certainly be traced 
to the beginning of the 19th century. No separate statistics of area or production 
are maintained and the foreign trade is normally small in comparison to that of 
other grains produced in the country [ Cotton, 1919 ]. 

The young oat plant in India belonging to the species >4. sicnfe, is sub-erect. 
The roots are shallow, fibrous and numerous. The culm or stem consists of a 
hollow cylinder about 0*5 cm. in diameter, intersected by a number of nodes usually 
S to 6 from which the lea,ves arise, terminating in the inflorescence. The first node 
from the top is generally hairy. The ligule is w^eil developed. The leaves are long 
and narrow, tapering gradually to the apex, with a drooping habit and yellowish 
green colour. There are a few fine short hairs on the margins. The x3anicle is 
erect, spreading and equilateral. The spikelets are generally 2- and rarely 3-grained, 
the third flower in the spikelet usually remaining abortive. The basal articulation 
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of tlie lower grain is very marked, leaving a ' sucker-moufeb ' scar wlien the grain is 
separated from the main rachis. The npper grain, however, always breaks off with 
the rachilla* Glumes about 25 mm, long, pointed, having 9 coarse nerves. Awns 
thin, sometimes twisted at the base in a clockwise direction, but never geniculate. 
Lower grains always awned but upper grains rarely so. Basal pubescence very 
prominent and consisting of numerous brownish hairs. Grain yellowish, the lower 
one about 20 mm. long, 3 mm. wide and 2 mm. thick. Kernel hairy, about 10 
mm. long. Stooling capacity medium to sparse. Maturity early. 

Season and cultivation . — Oats are generally sown in India in the raU, somewhere 
in October or November and are harvested by the following March or April. 

In parts of the country subject to heavy rainfall, oats grow best on well-drained 
friable soils of a fair depth whilst in other parts, with a lower rainfall, they are fre- 
quently grown on soils which are suitable for wheat and barley. The tillage and 
other operations required for this crop are likewise similar to those demanded by 
wheat and barley. The seed rate generally varies from 70 to 100 lb. per acre, de- 
pending on the variety, the environment and on the time of sowing. High tillering 
varities need not be sown as heavily as varieties with a smaller tillering habit. 
Duthie and Fuller [1892] have reported an average yield of 18 maunds on irrigaged 
and 10 maunds on unirrigated land per acre, but yields ranging from 26 to 36 
maunds to the acre are now being obtained at Pusa on unirrigated land with 
improved strains. 

Chromosome numbers . — The haploid number of chromosomes in Avena satim^ 
A. sterilis, and A. byzantina has been reported to be 21 by Kihara [1919]. Huskins 
[1926] found 21 in A. sterilis. Aase and Powers [1926] report a haploid number 
of 21 in A. saliva, and Goulden [1926] also found A. sativayA. sterilis and -4. fatua 
to have 21, The same number was observed also in a preliminary study made at 
Pusa with Scotch Potato oats (A. saliva) and B. S. 1 oats {A. sterilis). 


II. Impeovement oe the ceop. 


The improvement of a field crop such as oats, with a view to the production of 
a variety superior in quality and yielding power to the indigenous crop, necessitates 
as the first step the isolation by selection of the types already existing in the mixed 
crops present in the country. If the desired aim cannot be achieved by selection, 
resort must be made to the introduction and acclimati25ation of exotic forms and 
possibly to hybridi25ation between these and the types which are endemic to the 
country. All tnree methods have been used by us in our study of the improvement 
of this crop. 

rl - {1) SeUdi^^ pare line selections was made from Bihar oats 

which were supplemented by selections from samples from various parts of Northern 
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India. As already explained all tlie selections were fonnd to belong to the species 
oi Avena steriUs, culta Jj,, B.ni v^exe distmgmsh^^ one aBotber only by time of 
maturity and yielding power. 

A preliminary test of nine selections in comparison with a standard variety, 
tbe Meerut oat, indicated that three of these selections were of higher yielding 
power. Subsequent trials narrowed the choice to two types which are now distri- 
buted under the numbers B.S, land B.S. 2. 

l)escnption of types, 1 and B, S. 2. oats are thus two pure-line selections 
evolved at Busa from Bihar oats which proved superior by virtue of their resistance 
to drought and diseases, their earliness, high yield and quality. In the early stages 
the plants of both these types are semi-erect in habit and have long and fairly 
narrow leaves, with a very few marginal hairs. Tillering capacity is moderate; 
leaf -sheath is glabrous and has a deep purple tinge at the base. The straw is long 
and fine and is rather weak and liable to lodging. The panicle is medium in size, 
equilateral, more or less erect. Branches somewhat long and pendulous. Spikelet 
long with two grains ; glumes long, thin and translucent, yellowish green in colour 
with nine prominently marked veins. Awns thin and slightly twisted at the base, 
always present on the lower and occasionally on the second floret. Many short 
hairs on the callus but none on the palea. Grain dirty yellow with a greyish colour 
on the tips of the glumes, and usually long. The weight of straw is about one and 
a half times to twice the weight of grain depending, of course, on the type of oat 
and its relation to the soil and weather conditions prevailing. Table II shows the 
yields of grain and dry straw (6tea) obtained from B. S. 1 andB. S. 2 in difierent 
years, as well as the ratio of grain weight to straw weight. 

,TablbIL 


Yields of grain and straw (bhusa) and their ratios in B. S, 1 and B, 8, 2 oats. 


Year 

Area of 
plot in 
acres 

B. S. 1 oats 

B. S. 2 oats 

Yields in lbs. 

Batio of 
yields — ^grain 
to straw 

Yields in lbs. 

Ratio of yields— 
grain to straw 

Grain 

Straw 

Grain 

Straw 

1927 

0-20 

617 

794 

1*29,"':' 

657 

746 

1: 1*34 

1928 

0-20 

806 

1244 

1: 1*54 

— 

1 - 

— 

1929 

1*57 

3733 

6603 

1 : 1*77 

4145 


1: 1*69 

1933 

0*20 

490 

946 

1: 1*93 

363 

624 

It 1*72 
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Both aie early in maturity and as a matter of fact the difference between B. S. 
1 and B. S. 2 lies in the time of maturity. The former is about one or two weeks 
earlier than the latter. At places where comparatively large areas are to be put 
under oats it seems to be an advantage to grow both these types simultaneously so 
that the whole area is not ready for harvest at the same date. 

(2) AcGUmatizatim.—Th.& Indian oat in comparison with the crops in the United 
Kingdom is generally deficient in bushel weight and strength and quantity of straw. 
An attempt was therefore made to import some superior types of oats from foreign 
countries with the object of seeing whether acclimatization could procure a better 
type suitable for Indian soil and climatic conditions. The introduction and accli- 
matization of an exotic crop is a matter which usually presents a number of difficul- 
ties in India ; the chief obstacle to the success of a plant from a more temperate 
zone being usually the short growing season which is invariably present in aU parts 
of India. Although late-ripening varieties are known to be potentially prolific, they 
generally fail to produce good re.sults in this country because most of them are dried 
up by the incidence of west winds which usually set in at the season when these 
begin to flower. 

The Scotch Potato oat has been grown for a number of years at the Pusa Parm 
and an attempt is being made there to acclimatize this variety to Pusa conditions. 
Although its growth has been reported to be very promising it has always been very 
late in flowering and has invariably been damaged by early hot west winds. The 
yielding power of this oat in Pusa has therefore been low. 

The following strains of oats were imported and tried in the Botanical Section 
at Pusa for a number of years 

Table III. 


Variety 

Ck>mtiy‘ froitt whwe imported 

1. Scotch Potato oats 





'I 


2. Abundance 








3. White Cluster 








4. New Harvester 







>-British Isles. 

6. Victory 








6. Yielder 








7* Orion 








8. Iowa 103 








9. Iowa 105 







■ 

10. Towar 670 







j^United States of Amerioa. 

11, Kanota 

99 




■ * ! 


■ ■ ■ 

12. Gophier 

9f 







13. Nebraska 21 

»» 







14. Kinwada , 


* 





South. Africa. 


f The exotic, oats when grown under Pusa conditions were subjected do an 
'f , environment maiiediy different to that to which they were habituated aUd possibly 




Kr: 

a* -Vi' 



Percentage setting 
(Average of five plants) 


Type of oat 

1-grained 

spikelets 

0/ 

/o 

2-gramed 

spikelets 

% 

Sterile- 

spikelets 

% 

Source of seed 

New Harvester 

36-62 

0*73 

62*66 

Grown at Pusa from seed im- 
ported from England 

Victory 

43*06 

13*96 

43*00 


Abundance 

42*24 

32*37 

26*39 


Scotch Potato 

71*30 

11*06 

17*66 

ff 

White Cluster 

86*84 

0*48 

12*68 

9f '■ 

Yielder 

86*36 

6*32 

1 7*32 - 


B.S.l 

4*60 

96*60 

1 : 0 
r 

Pusa selection, grown at Pusa 


Most of the exotic oats produced excelleut growth and splendid straw but all the 
varieties excepting Kinwada were invariably too late and failed to set a noimal 
amount of seed. Kinwada oat was comparatively early but the grain was thin 
and not very promising. 


Table IV. 


on account of this almost all of them showed signs of sterility. Five plants 
from each of the important exotic varieties and also from B.S. 1 were selected at 
randon in 1927. Counts were made of the number of spikelets with one, with 
two fertile florets and with sterile florets per plant and averages of five plants 
expressed in percentages were recorded under each heading. The results are 
depicted in Table IV and show — 

(1) that the majority of spikelets in the exotic oats were l-grained, 

only the primary florets were fertile, 

(2) that only in the case of the Abundance oat was there an appreciable 

number of 2-grained spikelets, i.e., spikelets with^both the primary 
and secondary florets fertile, 

(3) that aU the exotic oats under observation had some sterile spikelets 

^ ^ in the case of Yielder to 62*65 per cent, 

in the case of the New Harvester, and 

(4) that the Pusa selection, B.S. 1, had most of its spikelets double-grained, 

a very few single-grained and none sterile. 


Average amount of seed-setting in some oats. 


Examined on 16th April 1927. 
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A fair idea about tbe heavy growth of straw and the small amount of seed 
setting in some of the exotic oats as compared with Indian oats may be gathered 
from the following table 

Table V. 


Outturn of some exotic and some Indian oats grown in the same field in 1926-27, 


Seed 

Type of oat 

Outturn in lb. 
per acre 

Ratio of 
outturn of grain 
to that of straw 

Grain 

Straw* 

Exotic 

Victory 





256 

6,012 

1: 23-48 


Abundance 





478 

5,910 

1: 12*36 


Yielder 





461 

5,980 

1: 12*97 


New Harvester . 





102 

5,090 

1: 49*91 


Scotch Potato . 





375 

4,442 

1; 11*85 


White Cluster . 





205 

3,520 

1: 17*17 

Indian 

1-^1 





2,634 

3,126 

1: 1*19 


4—1 





2,480 

3,024 

1; 1*22 


7—1 . . 





2,685 

3,116 

1: 1*16 


7— a 





2,532 

3,054 

1; 1*20 


10-4 





2,942 

4,325 

1: 1*47 


12—1 (B. S. 1) . 





3,085 

3,977 

1: 1*29 


14—2 





3,013 

3,905 

1; 1*30 


19—1 (B. S. 2) . 





2,788 

3,731 

1: 1*34 


19—3 





2,532 

3,792 

1; 1*50 


Meerut 





2,511 

3,710 

1: 1*48 


Owing to the fact that all the exotics under trial in thivS experiment were very 
late in maturity a normal amount of seed-formation could not take place in them 
because of the drying of the late flowers by hot west winds. The ratios of the 
outturn of grain to those of straw have therefore remained abnormally low in 
these oats. The earlier maturing Indian oats, aU of which ripen almost before 
the exotics begin to flower, have however shown higher yields of grain and ratios 
between grain and straw yields which are much nearer equality. 

(3) Hybridization, — The defect shown by the exotic types in growing power 
and time of maturity under Indian conditions indicated to us that the desirable 
qualities of, these types could only be established in Northern India by hybridiza- 
tion with indigenous forms. With this object a number of crosses have been made 
between some of the exotics and the B.S. selections, and an account of the genetical 
results and the economic significance of the hybrids evolved wiU form the subject 
' ; of subsequent papers. The fact that these crosses are interspecific, viz,^ between 
A. saUm and A. ste/rilis, oalta L., has not hindered the production of fertile 
hybrids and a number of apparently desirable hybrids have now been fixed. 
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III, The ECONOMIC ASBECT. 

As in most other cultivated plants in the value of the oat crop depends 
principally on the yield of grain per acre and to some extent on the yield of straw 
or even of green fodder per acre. 

The yielding power of a variety of oats depends on several factors, such as its 
power to set seed, habit of growth, time of flowering and disease-resistance. 

It has been shown in the foregoing pages that B.S. 1 and B.S. 2 oats have been 
evolved at Pusa by selection from Bihar oats ; that these have proved to set seed 
of fairly good quality and good straw, the dry weight of which is about one and 
half times to twice the weight of grain *, that India is a country which favours early 
types owing to the growth period here being rather short and that the B.S. oats 
have geared themselves well to these conditions owing to their early maturity and 
drought resistance. 

That the spacing given to plants exerts a good deal of influence on the vari- 
ability of the oat crop even under similar climatic and soil conditions, may he 
gauged from the graphs depicted below (Figs. 1 and 2). In an experiment con- 
ducted in 1929 two adjoining small plots were sown with B.S. 1 oats. The rows 
were one and a half feet apart and the seed was drilled with a hand plough. 
Plants in one plot were thinned out and spaced at a distance of one foot apart. In the 
other plot the plants were not thinned and remained about three to four inches apart. 


SJ^Acep pLA f/rs 

fRsaai Arc y p is rrziBi/TiOArQfi 

UAiTHiPtAfBP PLANTS 


//UMBFR OF SPIKFLFTS. 

Fig. 1. — ^Effect of spaciDg on the average nnin^r of spikelets per'panicle, 


FRSeUENCY^ 
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F /? £Q(/£C y J>IS TR 1 B U T/O/V 
5P/lCfJ> our TLANTS. 


EauBNc^ distribution 

WTUlWri PLA/iTS. 


Kg, 2. — ^Average aumber of tillers per plant ia B.S. 1 oats in 1929. 

Fig. 1 shows the efiect of spacing on the average number of spikelets per 
panicle per plant while Fig. 2 represents the same efiect on the average number of 
tillers per plant. The dotted lines show the frequency distribution of the plants 
in the control, unthinned plot, whereas the heavy lines indicate the distribution of 
plants in the thinned plots. A marked increase in the number of spikelets per 
panicle and in the number of tillers per plant has been shown in each case by 
the plants which were spaced out one foot apart, 

The following table shows the average bushel weights of B.S, 1 and B.S. 2 
oats as observed during the period 1926-1933. 


Table VI, 


Average bmhd weights in Jbs. of B.S. 1 and B.8. 2 oats during 1925-1933, 


Coeffi- 

Average cient of 

1925 19^ 1927 1928 1929 1930 1931 1932 1933 of 9 years variability 

in lbs. (per 

. , cent.) 


5-67 
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It may be noted that the average weight per bushel of both these oats is about 
34 lb. and that with slight differences both are almost similar in density. Seasonal 
differences on these bushel weights are also apparent. The normal bushel weight 
of first class oats in the United Kingdom is from 36 to 42 lb. It is evident, 
therefore, that considerable improvement is possible in this respect in Indian oats 
and in fact this is one of the directions in which it is hoped to effect improvement 
by hybridization. 

TieJcfo.— B.S. 1 and B.S. 2 have now stood the teat of time and have main- 
tained their reputation for high yields, early maturity and drought-resistance. The 
following table shows the average yields of these two selections under the Botanical 
Section conditions:— 


Table Vn. 


Average yidds of B. S. 1 and B. 8. 2 oofe at (he Botanical Section, Fusa, dmimg 

1929-1938. 


Type 

Average yields in lb, per acre 

Average of 5 
years in ib. 
per acre 

Coefficient 

of 

variability 

percent. 

1920 

1930 

1931 

1932 

1933 

B.S. 1 

2,37 a 

2,322 

1,871 

2,370 

2,446 

2277-4-±62'47 

9*1 

B.S.2 

2,878 

1,870 

1,960 

2,617 

1,816 

2228*0± 131-09 

19*6 


It will be seen that the average jddd per acre in B,S. 1 oat has shown a 
coefiS^cient of variability of only 9‘1 per cent, during the last fi.ve years, whereas 
B.S. 2 oat has shown a variability of 19'5 per cent, during the same period. 
Yields of crops are undoubtedly dependent on the climatic and edaphic conditions 
under which they are grown, but this increased variability in B. S. 2 may al^o be 
due to its comparative lateness in maturity which brings about highyif|^in 
years of sufidcient soil moisture and good weather during and after flowering an(J 
seeding, and low yields in rather drier years with early h^ests. 

Theyieldingpower of the B.S. selections may aIso .be gauged from the yields 
obtained at tbe Pusa Farm and other places and from the results of definite yield 
tiials. The fpllowing statem«u.t shows the yields obtained in different years. * 

■f ? 
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Outturn of Pusa oats as obtained in the Pusa Farm and other pkiees %n North India. 


aero, lbs, 


Pusa Farm 1 


Makrera Model Farm, BeaWar, Eajputana 

Kamal, Punjab . . . . 

Pusa Farm . . . • • 


Bo. . . . • 

Bo, (Plot of low fertility) 
Bo. ( »» » »» ) 

Karnal, Punjab 


•0 

Pusa Farm 




•0 

Bo, . • 




•0 

Bo. . 




•0 

Bo. . . 




*0 

Bo. 




•0 

Bo. . V 




*0 

Bo. 




•0 

Bo. 




f*0 

Bo. . • 





Bo. . 




i*o 

Bo. . . 




L-O 

Sepaya Farm, Bihar 




' WM 

Pusa Farm . . 





Bo. . - 





Bo. . . 




1 

Bo, 




)*25 

Bo. 




>25 

Bo. 





Bo. . . 





Sabour, Bihar . 





Malda, Bengal 





Malda, Bengal 





Bholi Estate, Bihar 
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comparisoa of yields from paired contiguous plots of B.S. 1 and B.F. 1 oats and ^ 

statistical interpretation is given below :— 


Xablib X!K^. 


Yield 


1927 - 28 . 


Yields ill lb. per acre 

Difference in lb. 

Sc[nar©of 
difference (iZ®) 

B. S.1 

p. 1 . 1 


'2234 ■ 

1255 

-f ^79 


' 1757, 

1586 

+ 172 . 


1068 

616 

, 

: +452 


1807 

1191 

+ 616 


1224 

1273 

— 49 


1495 

1043 

+ 462 


1330 

1216 

+ 116 

Total S -1-2737 

S1791716 


Mean difEerenoe^ — y 
Standard error of difference =141-6 

d 391 __ 9*7fi 

Value of i 

wHcb lies between tbe 0-05 and 0-02 levels of significance in Eisber’s table of « 
distnbutio^^ence these two varieties of oats therefore is statis- 

tically significant between the 0-06 and 0-02 levels and shows that B.S. 1 oats are 

superior to the Farm oats in yielding power. 

In 1929-30 two r.B»l.r yield ttiale on o KoaU and n largo seal, te^tavdy 
were laid out in order to study the comparative yielding power, of the B.S. and 
Pusa Farm oats. 




Actual yield per plot in lb. 


Table X. 

Yi^ of oats in Botanical Section, Pusa, 1929-30. 


Block 


B. S. 1 B. S. 2 P. 1. I 


35*5 


43*0 


33*0 


34*0 


43*0 


27*0 


34*0 


39*0 


31-5 


39*0 


31-0 


43*5 


VUI 


Bxpebimeot I. 


Randomized block arrangement. 


{Area of each phi 0035 acres. 10 replications of each type of oat. 
The following table shows the yield of these oats per plot : — 
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Botanical Sedion.) 


37*0 


43*0 


41*0 


47*5 


39*5 


40*0 


61*5 


40*5 


41*0 


42*0 


60*0 


47*56 


48*0 


39*16 
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Table XI, 


Analysis of mfiame. 


Due to 

Degree 

of 

freedom 

I ■ ■ 

Sum 

of 

sq,uares 

Mean 

square 

Blocks 

9 

686*90 1 

66*211 

Varieties 

2 

648*46 

274*226 

Errors 

18 

897*66 

49*864 

Total 

29 i 

2032*90 



Mahalaxxobis* ^ = 


Varianeei 

Variauoea 


274*225 

49*864 


=6*499 


The expected value of x for the 6 per cent, level for and is 3*55 

and at the one per cent, level is 6*013 (from MahalanohisV Auxiliary Tables for 
Fisher's z-test). The observed ratio 5*499 being greater than the expected ratio 
3*555, the variance between varieties must be consideied significant at the 6 per 
cent, level of significance. 


Table Xn. 



Differences of mean 


Critical difference for P=0*01 is 9*094; and that for P=0*05 is 6*64. 

It may be concluded therefore that the observed difference of 10*76 lb. between 
B. S. 1 and B. S. 2 is statistically significant at the one per cent, level of significance 
and between B. S. 1 and Pusa Farm oats the mean difference of 8*40 lb. is signi- 
ficant at the 6 per cent, level only, both of course in favour of B. S, 1 oats. The 


Type 

B.S. 1 

B. 8.2 

Pusa Farm 

B.S. 1 . 

. . 

—10*76 

—8*40 

B. S. 2 

+10*76 


+2*36 

Busa Farm 

+8*40 

—2*35 

•• 

Mean yields of i 
each type in lb. 

47-56 

36*80 

39*16 
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observed mean difference of 2-35 lb. between Pusa Farm and B. S. 2, on tbe other 
band, is not statistically significant. 

Experiment 11. 

Balanced strip method. 

(Area of each plot 0‘5 acre. 19 replications of each type. PmaFarm.) 

The table given below shows the yields of paired plots under B. S. 1 and Pusa 
Farm 1 oats as well as their differences. 


Table XIII. 

Yield of oats at the Pusa Farm, 1929-BO. 


Yields m lb. from J acre 

Difference 
in lb. 

(d) 

Sq^uare of , 
difference 

id^) 

B.S. 1 

P.B. 1 

1275 

1072 

-f203 


1170 

1128 

i +42 


1187 

1148 

+39 


1214 

1201 ^ 

+ 13 i 


1314 1 

1276 

+39 


132(3 

1320 

0 ! 


1298 

1371 

. —73 1 


1382 

1312 

+70 


1396 

1404 

—8 


1363 

1187 

+ 176 


1212 

1191 

+21 


1285 

1263 

+22 


1203 

1312 

—109 


1289 

1181 

+ 10S 


1262 

1206 

+47 


lies 

1232 

—64 


1113 

1082 

+33 


1146 

1189 

—43 


1152 

1292 

—140 



Total 

S +376 

S 140766 


Mean difference^ 


376 

19 


19*79 lb. 


Standard deviation = 


/ 140766 
V 19 



Therefore Student’s 2 = = 0*236 

83‘76 

Odds about 6 : 1 in favour of B. S. 1 which are not 
statistically signiffoant. 
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This experimerit fumsies reliable infomatioD regarding th.e of taking 

very big experimental plots (here half an acre each) in order to estimate the 
comparative yielding powers of two or more varieties of a cereal crop such as oats. 
The wide variations in fertility present in a large field are then liable to counter- 
balance and mask the differences that may be present in the yielding power of 
the varieties that are to be compared and hence plots of this dimension are 
absolutely useless for yield trial purposes with cereals. About onedortieth of an 
acre is considered to be the correct size for conducting yield trials with cereals. 
This therefore explains the inconclusive results obtained from the experiment 
in the larger area as compared with a more comprehensive trial conducted on a 
smaller scale. 

The superiority of the B. S. types for a number of years over the Pusa Farm 
type led the Imperial Agriculturist to reject the latter and to adopt the former 
as the standard oat on the Pusa Farm. The B. S. oats are now being distributed 
on a large scale and the demand for B. S. 1 and B. S. 2 oats is steadily increasing 
every year ; favourable reports on the good q[uality and yielding power of these 
oats are being received continuously from those who have tried them. 

These results, therefore, fully bring out the economic value of these two 
selections of oats and leave no donbt that they will achieve a definite position in 
agriculture in Bihar and other parts of India. 

Summary. 

Indian oats belong to the species L, yar. cttte, (synonymous to 

the American Avena byzantina Koch.) and not to the species Avem satim L. as has 
been reported wrongly in all the Indian floras. 

In India the oats are generally sown in October or November and reaped 
in March or April. The crop grows best on well-drained friable soils of a fair 
depth and does not suit very light sandy or dense clay soils. It requires the same 
kind of soil and cultural conditions as wheat or barley. The seed rate generally 
varies from 70 to 100 lb. per acre and the average yield ranges from about 1,000 
to 2,600 lb. per acre depending upon the type of oat and the environmental 
conditions. 

It has been possible to evolve two high yielding and drought-resistant types 
of oats, viz,, B. S. 1 and B. S. 2 from the ordinary mixed Bihar oats. They are 
both early maturing and fairly disease-resistant, and have proved of considerable 
value for grain and straw purposes. 


A trial of a large number of European and American oats at Pusa has shown 
the futility of attempting to acclimatize these types. They are invariably aU 
much too late for Indian climate and can hardly be expected to produce normal 
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yields of grain. Most of them, however, produce excellent and profuse green 
fodder and are ideal oats for this purpose. The setting of seed in these oats 
having proved itself to he the limiting factor in their growth in India, hybridiza- 
tion has been resorted to and a number of very promising hybrids combining 
the early maturity and drought-resistance of B. S. oats and the good grain and 
profuse-straw producing qusEties of the exotics have been secured. These will 
be classifled and described later, 
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I. Intoobtjotion. 

The isolation of two strains of oats, m., B. S. 1 and B. S, 2, by pure line 
selection, at the Botanical Section, Pusa, has provided high yielding and draught- 
resistant types [ Shaw and Bose, 1933 ]. These are early maturing types but their 
straw in common with that of all Indian oats, is weak and hence these oats are 
rather susceptible to lodging. The seed colour and quality also of these oats 
cannot favourably be compared with those of some exotic oats, such as Scotch Potato 
or Abundance. Most of the exotics on the other band require a longer growing 
period and are therefore not amenable to acclimatization in the short cold weather 
growing season which is general in the plains of North India. 

In order to combine the plump grain and profuse straw-producing qualities 
of some of the exotic oats with the earliness, drought-resistance and growing 
qualities of the Pusa types, a number of crosses have been effected. This work 
was started in 1924 and the purpose of the following pages is to present the results 
obtained in a study of the inheritance of some characters observed in the following 
crosses: — 

dross I. — Scotch Potato X B. S. 4. 

Cross n. — Scotch Potato X B. S. 2. 

Cross in.— Abundance X B. S. 4. 

It may be pointed out that both the Scotch Potato and the Abundance oats 
belong to the species Avma satim L. while B. S. 2 and B. S. 4 belong to the 
species Avena sterilis L. var. cuUa which is synonymous with the American 
Avena byzantina Koch. These crosses, therefore, are species crosses, |ind although 
some sterile hybrids were obtained as a result of these matings, many viable 
forms have also been secured. A number of species crosses have been made of 
late in Europe and America and various desirable combinations and recombina- 
tions have been secured. The material obtained as a result of the present work 
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has yielded some promising hyMdSs some of wMch are now emerging out of the 
yield trial stage and are being released for distribution. 

11, MaTEBUL and METHOD, 

B. S. 2 and B. S. 4 oats are two early-maturing selections from Bihar oats 
and have gained popularity with the growers. Samples of Scotch Potato and 
Abundance oats were imported from Carters in England and are both rather late 
in maturity. These two exotic oats invariably head-out late in the season at a 
time when almost all the Indian oats are ready for harvest. The great divergence 
in the time of flowering amongst the Indian and these exotic oats, therefore, 
was the first difficulty in hybridization work. This difficulty was overcome to 
a certain extent by sowing the exotic oats three to four weeks before, and the 
Pusa oats three or four weeks after, , the usual date of seeding. In this way it 
was possibleto induce all these types to, flower more or less simultaneously. 

In order to give them a longer growth period, experiments were conducted 
in sowing the foreign oats in the month of July and August in earthen pots kept 
in ice in order to maintain a soil temperature which is usually found in 
the winter months of India when this crop is grown in this country. This 
treatment, however, did not seem to influence the periodicity of the heading- 
out stage to any appreciable extent. These early sown oats headed out only a 
few days before the normal period. 

All plants including the parents, Fa and Eg were grown in the field under 
practically similar conditions. The seed was dibbled by hand in rows three feet 
apart and the plants were spaced one foot apart in the row. 

III. Technique of obossing. 

In making crosses, young panicles just emerging out from the leaf-sheaths 
were selected and all except the topmost 10 or 12 spikelets were cut off from 
each panicle. The oat spikelet usually consists of two fertile and one abortive 
florets. The upper florets of the spikelets to be crossed were also removed so 
that only the lower of priimry flor^ we!re reserved for further operation. In 
addition to furnishing uniform material for crossing, this process provided an 
additional' ehedk for detecting crossed and self-fertilized spikelets" at the time of 
baiwest,:theJormer possesrihg only one seed.i 
. The palea and the were separated apart by holding the floret between 
the thumb and the .forefinger and pulling down and' holding the palea with the 
tiiumb as'diown inPlide liX three immature anthers were then removed 

of la^ fi]^ forceps and care was taken' that these forceps were 

with irectffieA^ each operation. The palea were then 

, phsilion- and^ the whole' panicle* was- covered with either a ‘ small 
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muslia bag or by perforated maailla bags specially made for cross-fertilization 
work, lorty-eigbt hours after emasculation, mature anthers were brought from 
the pollen parent plant, placed in well-sterilized Petri dishes and were exposed 
to the sun for some time. When the anthers began to dehisce, usually between 
11 and 12 in the morning, one or more of these anthers were placed within each 
emasculated floret with a gentle shake of the hand. Sometimes only a little pollen 
was dusted over the feather-like stigma with the help of a camel-hair brush. 
After each flower had been treated in this way, the entire panicle was covered 
with a manilla cross-fertilization bag to prevent the ingress of undesired pollen. 
Bach head was tagged and properly labelled. Big. 1 depicts the floral structure of 
oats. 
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The fact that only one seed can be obtained from each successful operation, 
acts as a setback in the study of the generation in oats. This, however, is the 
general rule in all small-grain breeding and hence it is impossible to raise a large 
El population. 

Although reciprocal crosses were attempted in all cases, success was met with 
only by taking the exotic variety as the pistillate parent. This is presumably due 
to factors such as temperature, humidity, the receptive condition of the stigma, 
especially at this late part of the plant’s life, as well as to the poUen tube growth 
and the activating stimulus of the male nuclei, 

Kihara and Nishiyama [ 1932 ] have recently published the results of a detailed 
investigation on the different compatibility of reciprocal crosses of Avena in which 
they report that inter-specific crosses succeed easily between any two Avem species 
having the same chromosome number. These authors assume that the different 
development of hybrid seeds in reciprocal crosses may be caused by the different 
strengths of the activating stimulus of the male nuclei on egg and polar nuclei. 


IV. Doterbntiating chabaotees. 

Table I shows a comparison of the main characters studied in the first two 
crosses. 

Table I. 


JHfferentiatmg characters in Crosses I and II (1927-28). 


Characters 

B.S.4 

parent 

Fj hybrid 
Cross I 

Scotch 

Potato 

parent 

hybrid 
Cross li 

B. S. 2 
parent 

L Base 

Sterilis 

Intermediate 

Sativa 

Intermediate 

Sterilis. 

2, Awns 

Thin (Weak) 

Medium 

(Strong). 

Thick 

{strong). 

Medium 

(strong). 

Thin (weak). 

3. Basal pabescence or hairs 

Many 

Many— “1 

Very few 

Many— 1 

Many. 

4. Marginal loaf-hairs j 

Very few 

Many 

Numerons 

Many 

Very few. 

6. Maturity (t.o., No. of days 
taken to head out in 
1927-28 from the date of 
sowing). 

57 days 

72 days 

94 days 

73 days 

66 days. 

6. No. of spikelets per panicle 

:75: .:':; 

116 

86 

120 

80'",; 

7. Height of plants in cm. 

90 

90 

96 

88 

86 





PARENTS ANE HYBP 
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It may be noted that Fi plants in both the crosses exhibited similar dbaracters 
and were intermediate for most of them. The number of spikelets per panicle, 
however, showed a decided increase over the parental forms. 

Table n likewise shows the chief characters in Cross ni:— 


Tabm 11. 

Differentiating characters in Cross III {1928-29). 


Chiaaraoters 

Abnndano© 

parent 

hybrid 

1 Dross HI 

B.S, 4 parent 

1; ; 

Sativa 

1 Intennediat© 

Sterilis. 

Awns, ' 

tPhiok (strong) 

Medium (strong) 

Thin (weak). 

3. Basal ptibescence or baits 

Very few 

; Many -1 

1 Many. 

4* Margfjaal ieaf -hairs 

Almost 

Few 

Very few* 

5. Maturity (Ho. of days taken to head out 
in 1928-29 from the date of sowing). 

122 days 

72 days 

76 days. 

6. Ho. of spikelets per panicle ' 

140 

98 

76 

7, Height of plants in cm »• 

149 

■:i 

148 

128 


Here again the intermediate nature of the Fj hybrid plants is apparent for 
the majority of characters. The number of spikelets per panicle has also tended 
to be intermediate between the parental forms, unlike that shown in the previous 
two crosses, 

V, Fi 6ENBEATI0N. 

Only a single F^^ hybrid plant could be secured in each of the first two crosses 
and two plants in Cross III. All of them displayed great hybrid vigour and were 
very healthy. Photographs (Plates LXII and LXIII) show these plants in 
Crosses II and HI wherein remarkable hybrid vigour expressed as yield, growth 
and increased number of spikelets per panicle and tillers per plant may be well 
seen. In studies ; of heterosis, Cofiman [1933], obtained variable results from 
dijSterent crosses of oats. In crosses of, Richland X Fulghum and Richland X 
Markton, the F, plants in the first cross were taller, bore more culms, weighed 
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more and yielded more grain than the larger parent, while the Pj plants in the 
second cross displayed only an increased grain yield and grain/straw ratio. The 
fact that in some Fj hybrids a number of parts of the plant may show increased 
size does not necessarily imply genetic linkage between- the different size factors. 
In eases in which heterosis is definitely restricted to a single part in the F^ plant 
the absence of such linkage between size factors is definitely indicated. 

Basal articulation is of the ?fflfiVa.-type in the Scotch Potato and Abundance 
oats, while it is sterilis-Mke in the B. S. parents. The Fj hybrids show an inter- 
mediate condition in that the base is somewhat of the sterilis nature but the 
“ sucker mouth ” soar typical of this species is not at all prominent. 

The awns in both the exotic oats are thick or strong and in the B. S. oats they 
are invariably thin or weak. The F^ plants, however, have awns of medium thick- 
ness. At first it was found rather difficult to differentiate between the thick and 
medium awns but later it was observed that in the crosses under study the thick 
basal portion of the true strong awn generally extended beyond the length of the 
glumes. The medium strong awns on the other hand generally showed their basal 
thickness to fall short of the length of the flowering glumes. 

The basal hairs in the European oats were “ very few ” and those in the B. S. 
oats were “many”. The Fj plants also had many hairs but these were always 
less than those found in the B. S. parents. This phenotype was therefore called 
'* Many-1 ” and was seen to behave as the double dominant in the Fj. 

There was also a remarkable increase in the number of spikelets per panicle in 
the Fj plants in Crosses I and II. 


Vl. Fj AND Fa GENBEATIONS, 

Seeds obtained from selfed Fj plants in the crosses under discussion were 
dibbled by hand under field conditions in rows 3 feet apart and were spaced one foot 
apart in the row. Plants were carefully thiimed out later and only one seedling 
was allowed to occupy each space so as to avoid , errors in diagnosis. The plants 
were mostly very vigorous owing to 

(i) hybrid vigour and 
(if) the spacing given to each. 

A number of plants in each cross were extremely late and did not flower at all. 
These were presumably responsible to a great extent for the discrepancies which 
occurred be^een observed and expected frequencies in the study of inheritance of 
characters in the spikelet and in the inheritance of time of maturity. 


PLATE LXIIL 



PARENTS AND Ej HYBRID IN GROSS III. 
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The foUowing characters w studied in detail and their genetic behaviour 
will be considered in the following pages:— 


I, Qualitative characters, 

1. Basal articulation. 

2. Nature of awns. 

3. Basal pubescence. 

4. Hairs on the margin of the leaf. 

2. Quantitative characters, 

1. Maturity as measured by the number of days taken to head-out. 

2. Average number of spikelets per panicle. 

3. Height of plants. 

Vn. Spikelet. 


As mentioned in tlie previous pages all the three crosses under consideration 
were species crosses between A, sativa L. and A. sterilis, culta L. Lately CoSman, 
Parker and Quisenberry [1926] have adopted the use of the name A, hyzantina 
Koch, for the cultivated varieties of sterilis^ culta L., and this is the terminology 
favoured by many workers. The term sterilis used in the subsequent pages should, 
therefore, be taken to indicate this cultivated variety and not the true wild sterilis 
^ species from which all cultivated forms of this species have presumably descended. 
The greatest stress in these studies was given to diagnosing the spikelet character 
in the Fg, Fg and subsequent generations, as it is only here that the two species can 
be easily separated. Three important characters were involved in this 

(а) Basal articulation, 

(б) Nature of awns, 
and (c) Basal pubescence. 

In the present studies the population has been smaller than is usual in such 
work owing to the fact that only one single plant in each cross could be obtained 
in the F^ generation, but the nature of the inheritance of the important characters 
studied is fairly evident. 

(1) Basal articukiMm, 


In the sterilis type the lower grain has marked articulation with the main axis 
and is readily detached leaving a cup-like or ‘ sucker-mouth scar, slightly to one 
side and running obliquely to the length of the grain. This character is responsible 
for the shattering of Indian oats which sometimes occurs if the crop is left in the 
field till it is dead ripe. The upper grain has no articulation and when detached 
from the rest of the spikelet it carries away from the lower grain the greater part 

: Q 
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04 the saohilia which Breaks leaving only a stump with a jagged edge to the lower 
grain (1%. 2). 


BhjivA Intermediate Sterius 

1%, ^.~~Type ol base in -4. soiw, Fj (intermediate), and 
In the satwa-tjpe, however, the base of the lower grain is cooiflueut with the 
peduncle and is separated therefrom by a distinct fracture. The upper grain in this 
case, on the other hand, is articulated and is readily detached from the raohiUa 
which remains attached to the lower grain. 

The intermediate condition, as represented by the spikelets in the plants 
in F2 and F3, generally has a somewhat S^erife-hke lower 
mouth is not at all prominent. The upper floret here somC" 
or le^ l^e hhe sativa-tj^e. Consequently this type of base is 
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Love and Craig [1918] foimd a single factor difference for the presence and 
absence of basal articulation. Surface [1916] obtained a 1 : 2 : 1 ratio for this 
character in a cross between .4. /oiua and A. sativa, var. Kherson. Fraser [1919] 
found a 1 articulate base to 3 intermediate and sativa type in a cross between Burt 
{A. sterilis) X ‘ Sixty day ’ {A. sativa) oats. Tschermak [1929] records a unit factor 
difference in type of floret separation in crosses between A.fatua X A. sterilis, the 
/aiMO base being recessive. Florell [1931] in a recent paper also reports that 
the type of floret separation is governed by a unit factor in 6 interspecific oat 
crosses but found a 2-factor difference on a 16 : 1 non-articulate to articulated type 
of base in one cross. 

Our present observations given below also show a unit factor difference in the 
type of floret separation in tliree crosses between A. sativa X A. sterilis, the sterilis 
type of base always being recessive. 

The Fi plants invariably had an intermediate type of base. 

In the Fg the following phenotypes and frequencies occurred : — 


Table III. 

Segregation in for type of base on a 3 : 1 basis. 



Type of base 

Total 

Ko.of 

plants 



Dev. 

P, E. 

Cross 

Sativa 
and inter- 
mediate 

Sterilis 

Dev. 

P. E. 

I, Scotch Pot, X B, 8 , 4— 

Observed ] 

Expected 

227 

230-26 

80 

1 76-75 

307 

3-25 

6-12 

1 ■■ ■ 

0*63 

n. Scotch Pot. X B, 8 . 2— 
Observed 

Expected 

200 

210-76 

81 

70*25 

281 

11-25 

4*89 

2-30 

UL X B, 8. 2— 

Observed 

Expected 

209 

210-76 

72 

70*25 

281 

1*75 

4*89 

0-36 


It may be noted that the ratio of the deviation to the probable_mo^w 
extremely low in Crosses I and HI and almost within limits in Cross II. This 
suggests clearly that a single factor difference is present between the steri u t n 
iLOTi-sieriUs {sativa and intermediate) types of base. The larger deYiation m _ 
is due to the fact that the cbaracters of a number of very late plants wbic no 

flower at all owing to the advent of west winds late in the season, could not be 
incorporated in the diagnosis, 
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The 3 : 1 ratio is again confirmed by the Pg behaviour of a number of selectiouB 
taken. Thus— 

Table IV, 


Pg breeding heJwmour for inheritance of ty^ie of base. 


Gross 

No. of families and the 
nature of Fg parent 

Pa 

behaviour 

No. of families 

Observed 

Expected 

1 

50. Sativas and intermediate 

Pure sativas 

17 

10*7 



Segregating (3:1) 

42 

39*3 


17, iSterUis 

Pure sterilis 

17 

, 17; . 

II 

53. Bativas and intermediate 

Pure sativas 

20 

17*7 



Segregating (3 : 1 ) 

33 

36*3 


13. Bterilis 

Pure sterilis 

13 

13 

III 

33. Bativas and intermediate 

Pure sativas 

6 ■ • 

11 



Segregating (3:1) 

28 

22 


IZ, Bterilis 

Pure sterilis 

13 

13 


The s^en7^s selections have invariably always bred true and therefore show 


that they form the recessive phenotype. In the segregating families, 6 families 
each were studied in detail in Crosses I and II respectively and all the families were 
studied in Cross III for this character. The following total frequencies were 
observed: — 

Table V. 


Segregation in for type of base in some sdections. 


Cross 

No. of 
families 
studied 

Frequency 

Type of base 

Total 
No. of 
plants 

Dev, 

P. B. 

Saliva 
and inter* 
mediate 

Bterilis 

I 

: 

6 

Observed 

413 

133 





.. .. 

Expected 

409*6 

136*6 

646 

3*6 

6*82 

. ■ 

6 

Observed 

408 

161 






Expected 

426*76 

142*26 

66S 

18*76 1 

6*97 

HI 

' 28 

Observed 

1348 

434 ’ 


. i 




Expected 

1336*6 1 

446*6 

1782 

11*6 

12*33 

1 , ' . ' ' ■ ' 
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These figures definitely prove that a single factor difierence is present between 
the slerilis and the non-sieriZis types of base in the three crosses under study. 
This is therefore in conformity with the observations of other workers. 


{2) Nature of aims. 

The awn is sometimes described as an aerial prolongation of the middle vein 
of the dorsal palea emerging therefrom between the apex and the base. In form 
it is cylindrical or somewhat flattened in its lower portion. In the Scotch Potato 
and the Abundance oats the awn is present on the primary floret only and has a 
thick brownish black basal portion, while both the Pusa parents, mz., B. S. 2 and 
B. S, 4 have thin awns always on the primary and occasionally on the upper floret 
also. 

Oat breeders elsewhere have studied the inheritance of the awn character from 
the point of view of the degree of awning rather than of the nature of awning. 
In the present ease the nature of awning alone has been studied. 

Different varieties of oats may show all possible degrees of awning, from strong 
awns on both florets to a completely awnless condition. Nilsson-Ehle [1908] 
obtained a transgressive segregation for awns . Love and Fraser [1917] working 
with several varieties report a monofactorial mode of inheritance of the strong “ or 
weak ” awned type to the completely awnless one. These results were confirmed 
by Fraser [1919] in a cross between Burt and ‘ Sixty-day ’ oats. Ziunand Surface 
[1917] crossing a satim-mda with Victory observed a 3 : 1 ratio between plants 
with medium strong to strong awns and plants with weak awns. Coffman, Parker 
and Quisenberry [1926] found that probably several factors were involved in the 
inheritance of the awns of the Burt oat and that twisted awn had a different 
genetic, behaviour from the other types. Lunden [1926] found one factor respon- 
sible for the inheritance of geniculate awns. 

The exotic oats, Scotch Potato and the Abundance are characterised by the 
presence of ‘ thick ’ or ‘ strong awns.’ B. S. 2 and B. S. 4 on the other hand have 
‘ thin ’ or ‘ weak ’ awns. The F^ progenies all had ‘ strong’ awns of medium develop- 
ment. It was observed that the basal portion of the true. ‘ thick ’ awns had a dark 
thickened region extending beyond the length of the flowering glume, whereas in 
the ‘ medium ’ awn this thickening went only up to about three quarters the length 
of the flowering glume. It was not always possible, therefore, to distinguish 
between these two phenotypes and hence these two classes have been combined to 
form the ‘ strong ’ awn class in contrast to the distinct thin or ‘ weak ’ awned 
class. . , i. 
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The Fa siowed the following frequencies : — 

Table VI. 


Segregaiim in for type of awn on a3 : 1 ratio. 


Cross 

Frequency 

Type of mrn 

Total 
Ko. of 
plants 

Dev. 

P.E. 

Dev, 

P,E. 

Strong 

Weak 

I . 

Observed ! 

216 

91 






Expected 

229*5 

76*5 

307 

14*6 

5*12 

2*83 

II 

Observed 

212 

69 






Expected 

210*76 

70*25 

281 

0*75 

4*89 

0*15 

in 

Observed 

205 

76 






Expected 

210*75 

70*25 

281 

5*76 

4*89 

1*18 


The fit between observed and expected frequencies is close and indicates a 


clear monohybrid ratio. 

This is confirmed by the behaviour of a number of Fs progenies studied in the 
following year : — 

Table VII. 


Fg behaviour for inheritance of type of awn. 


Cross 

No. of families and tbe 
nature of Fg parent 

Fg beliavionr 

[ ■ '■ ‘ 

No. of families 

Observed 

1 ^ , . . 

Expected 

I 

61, Strong 

Pore for strong 

19 

20*3 



Segregatnag (3 :1) 

42 

40*6 


16. Weak 

Pure for weak 

15 

15 

n 

53. Strong 

Pure for strong 

20 

17*7 



Segregating (3 : 1) 

33 

35*3 


13, Weak i 

Pure for weak 

13 

13 

m 

33. Strong 

Pure for strong 

5 

11 



Segregating (3:1) 

28 

22 

1 

13. Weak 

Pure for weak 

13 

13 


Excepting for rather wide divergence in the pure and segregating families of 


Ore ‘strong’ phenotype in Cross III, the Fg behaviour in all the crosses confirms 
the Fg hypqth®is of the monogenic nature of segregation for this character. In 
Cross ni fewer homozygous * strongs ’ were perhaps selected by chance. 
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A few segregating families studied in detail iu the Fg gave the following pheno- 
types and total frequencies 

Table VIII. 

Segregation in some selections for type of mens. 

- — ^ ■ 

Type of awn 



No. of 



Total 




Cross 

families 

I’requency 



No. of 

Dev. 

P. E. 

Bienr* 


studied 

Strong 

Weak 

1 . 

plants 



P. E. 

I 

8 

Observed 

662 

190 







Expected 

664 

188 

752 

2-00 

8-01 

0-26 

II 

8 

Obsewed 

464 

146 







Expected 

466-75 

162-26 

609 

7-26 

7-21 

1-00 

m 

28 ! 

Observed 

1330 

462 







Expected 

1336-6 

446-5 

! 

1782 

, 1 

6-50 

12*33 

0-63 


Relation of base and aw^n.—WMle studying the basal articulation and tte awn 
characters it was observed that the sterilis base mostly had a ‘ weak ' awn indicating 
linkage between these two characters. Taking these characters together we 
have : — 

I 

Table IX. 

Rdation of lose and atm in F^. 


Erequency 

Bativa 

SUrilu 

Total 
No. of 

Cross— 


Strong 

Weak 

Strong 

Weak 

plants 

over value 

Observed 

Expected (9 ; 3 : 3 : 1) 

196 

172-13 

28 

67-37 

21 

67-37 

6*2 

19*13 

306 

Per oaai. 
17-0 

Observed 

Expected (9 : 3 : 3 : 1 ) 

173 

158-0 

27 

62-7 

33 

62-t 

48 

17-6 

281 

23-0 

Observed 

Expected (9 : 3 : 3 ; 1) 

202 

158-0 

' 7 

62-7 

3 

62-7 

69 

17-6 

281 

n 


The frequencies in the parental classes are greatly beyond expectation, while 
taken singly each character shows a good .3 i j fit. Linkage is therefore indicated 
and the linkage value in each case is shown in the last column of the above table. 

The high cross-over values in Crosses I and II, viz., 17‘0 and 23'0 per cent, 
respectively, suggest that a number of pure breeding cross-over phenotypes may 
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occiir and indeed tHs is what) has actually happened in Eg. In Cross III where the 
cross-over value is only 3*3 per cent, no pure breeding cross-overs were realised. 

In Cross I all Eg families which bred true for saMva type of base also bred true, 
for strong awns, but of 17 families which were pure for sferilis type of base, 
16 families bred true for weak awns and two were homozygous for medium strong 
awns. Similarly in Cross II itj was found that 18 pure breeding sativa families bred 
true for strong awns, while 2 sativa families had weak awns, and also in 13 families 
which were pure for the sierilis character, 11 families bred true for w-'eak awns and 
two families were homozygous for medium strong awns. In Cross III, however, all 
pure breeding satims were pure for strong awns and all homozygous sferilis 
families possessed weak awns. In other words wherever there was a high cross- 
over value the chances of securing a greater number of homozygous cross-over 
phenotypes were also very great. Tabulating thi^’ tement we get : — 

Table X. 

Relation of type of base and nature of awns in homozygous families, 

I I5o. of families 


StmlisAyduse 


Saiwa-h&ae 

Strong 

Weak 

17 

0 

18 

2 

6 

0 


{Z) Basal pubescmce. 

Cultivated varieties of oats difier in the amount and in the presence and 
absence of basal hairs on each side of the callus of the spikelet. These hairs also 
differ in size, some are quite long (6 mm. or more), others are medium long while 
others again are short and hardly exceed one or two millimetres in. length. It has 
been reported that the inheritance of basal hairs depends on one factor in some 
crosses and two factors in others [Hays and Garber, 1927]. 

Fraser [1919] and Love and Craig [1918] have definitely found in their studies 
a monohybrid ratio for the inheritance of pubescence. Zinn and Surface [1917] 
also found a monfactorial segregation of long and short hairs at the base of the 
g rain and this, was in agreement with the results of Nilsson-Bhle [1909] and those 
< of Coffrusm, Parker and Quisenherry [1926]. Zinn and Surface obtained a bifac- 
torial s^^ation showing 16 pube.scent to 1 smooth in a cross between A. sativa 
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In our present study a two-factor difference has been found to exist for this 
character. The exotic parents, vis,, Scotch Potato and Abundance oats have a 
‘ very few ’ hairs at the base of their lower grain whereas B. S. 2 and B. S. 4 have 
‘ many ’ hairs. The Fj plants in all the three crosses invariably had ‘ many ’ bairs 
but the hairs were distinctly fewer than those found in the B. S. parents. In the 
following description such hairs will be termed ‘many-1 in contrast to many 
like the B. S. parents. The Fg progenies showed plants in which pubescence was 
not only intensiaed but also some which lacked pubescence altogether, thus 
suggesting that at least two factors were responsible for the inheritance of this 
character. 

Some difficulty was experienced during the initial stages of this study in 
recognizing the difference between the ‘many-1’ and ‘ many ’ classes and hence 
these two phenotypes were combined in the Fj studies of the first two crosses. 
With greater experience the character was fairly well differentiated in Cross III. 

The Fg progenies showed the following segregations 


Table XI. 

Segregation in F^for basal pubescence. 



Nature of hairs 


Total 



Cross 





No. of 
plants 


P 

Many-1 

Many 

Very few 

m 

3C 


/. Scotch PoL xB, 3, 4, 



69 

16 

307 



Observed 
Expected on 

•• 

233 



67-6 

19-2 


12:3:1 

• • 

230*4 




(0-0) 

i 

2*6 

1*4 

4*2 




(0—0)2 


0*02931 

0*0341 

0*9200 


0*9834 

Between 0*70 and 

0 





0*60. 

IL Scotch Pot XB. S. 2. 



60 

17 

■ 281 



Observed 
Expected on 

•• 

20S 



62*8 

17*6 


12 ; 3 ; 1 

• * 

211*2 




(0-0) 

.. 

3*2 

3*2 

0*6 




(0—0)8 


0*0485 

0*1940 

0*0205 


0*2630 

Between 0*90 and 

0 





0*80 

III, Ahun, X B, 8, 4, 
Observed 

155 

60 

61 

14 

281 



Expected 9 : 3 : 3 : 1 
(0-0) 

158*4: 

3*4 

52*8 

2*8 

52*8 

8*2 

17*6 

3*6 




(0—0)8 

• ■■■ 0 

0*0730 

1 0*1485 

i 1*273 

0*7365 

> 

2*230'; 

f Between 0*70 and 
. 0*50 


The fit in every case is very good. 

The dihybrid theory for Fg for the inheritance of this character is further 
confirmed by the observations in Fg. The results in Fg, however, are obscured 
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slightly by our failure to difierentiate Between the phenotypes ‘ many ’ and 
‘ many-l^when these occurred in the same culture. In other words the segrega- 
tion of the genotype CCDd (page 805) Was not clearly distinguished from the pure 
Breeding CCDD and hence these two genotypes have Been considered together in the 
following table. 


Table XII. 

behaviour for the inheritance of basal pubescence in oai crosses. 


Ho, of families 
studied in 
detail 


3(3:1), 

3 (like Fa). 

4 (not studied 
in detail). 


3(3:1). 

7 (like F,). 

11 (not studied 
in detail). 

12 


It will be noted from tbe above table that the observed and expected numbers 
of families agree to a fairly good extent in most cases and tbns npjiold tbe theory 
that at least two factors are responsible for the inheritance of the pubescence 
character in the three crosses under observation. The somewhat large deviations 
observed in the pure breeding ‘ many ’ and ‘ very few ’ classes in Crosses I and 11 
may probably be due to the selections for Eg having been made rather from an 


Ho. of families 
and tke nature 
of Fa parent 

Fg behaviour 

Ho. of families 

Observed Expected 

25 many-l . 

Pure for many-1 

8 

8*3 


Segregating (3 : 1) 

5 

6*5 


„ (Like Fa) 

12 

ii-i 

13 manv 

Pure for many 

4 

4*3 


Segregating (3:1) 

9 

8*6 

6 very few 

Pure for veiy few 

3 

2*0 


Segregating (3 : 1) 

3 

4*0 

2 nil 

Pure for nil 

2 

2*0 

18 many-1 

Pure for many-1 

8 

6*0 


Segregating 

10 

12-0 

22 many 

Pure for many 

9 

7*3 


Segregating (3; 1) 

13 

14*7 

23 very few 

Pure for very few 

9 

7*7 


Segregating (3 ; 1) 

14 

15*3 

3 nil 

Pure for nil 

3 

3-0 

29 many-1 

Pure for many-1 

8 

9*7 


Segregating 

21 

19*3 

24 many 

Pure for many 

12 

8*0 


Segregating (3:1) 

12 

16*0 

20 very few 

Pure for very few 

9 

6*7 


Segregating 

11 

13*3 

j 3 nil 

Pure for nil 

3 

3*0 
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economic point of view with the object of securing agricnlturally superior t 3 rpe 8 
than from a genetic standpoint. 

Of the segregating families in the Fg, 29 were studied in Cross III, while only 
14 were studied in detail in Cross I and 11 in Cross II. These showed the following 
segregations 

Table XIH. 

Segregatim in scune selections in Fg for basd pubescence. 


No. of families stu- 


Total f requenoiei 

S Total 

1 

died and nature 
of segregation 


IVtany-l 

Many 

Very 

few plants 

J/ev* 

P. E. 

12 like Fs 

Observed 

663 

189 

174 68 984 


9:3: 3:1. 

Expected 

(0-C) 

553*6 ' 

9*5 

=:1*0(>97 

184*6 

4*6 

184*6 61*5 

10*6 3*5 1 

P= between 0*80 and 0*70 


5*3 many-1 1 

Observed 

299 


109 


^eiy few. 

Expected 

306 


102 .. 408 7*0 5*90 

1*19 

0*3 many : 1 fiil 

Observed 

« « 

608 

.. 227 


Expected 

.. 

626*25 

.. 208*75 835 18*26 8*44 

2*15 

3*3 very few ; 

Observed 

• • 


197 51 


1 nil. 

Expected 

• • 

• • 

186 62 248 11*0 4*60 

2*39 

3^1ike iFg 

Observed 

122 I 

i 

34 

36 15 


9:3:3: 1. 

Expected 

(0-0) 

X" 

115*92 
6*08 1 
*=1*5683 

38*64 

4*64 

38*64 12*88 206 

3*64 2*121 

Pss between 0*70 and 0*50 


3'3many-l: 1 

Observed 

195 


62 


very few. 

Expected 

193 ! 

•• 

64 .. 257 2*0 4*68 

0*43 

3*3 many : 1 nil . 

Observed 


167 

46 


Expected 


159 

53 212 8*0 4*25 

1'88 

2*3 very few:! 

Observed 



137 35 


Inil, 

Expected 

** 

• * 

129 43 172 8*0 3*83 

2'09 

7-like Fjs 

Observed 

342 

121 

125 43 


9:3:3: 1. 

Expected 

355*05 

118*36 

! 118*35 39*46 631 



(0^) 

13*05 

=1*2327 

2*65 

6*65l 3*56| 

P= between 0*80 and 0*70 


3*3 many-1 : 1 

Observed 

200 


72 


very few. 

Expected 

204 

•• 

68 . . 272 4*0 4*82 

083 

4*0 many : 1 nil. 

Observed 


268 

.. 101 


Expected 

i 

276*76 

, . . 92*26 369 8*75 5*61 

1 

1^5« 


HI 


'i • 


ll 


a 
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The fit between observed and expected frequencies is sufficiently close when 
statistically tested to show that the inheritance of basal hairs in the three crosses 

under consideration depends on at least two factors. 


Vni, Size OP BASAL HAiES. 

As reported previously Zinn and Surface [1917] found a monofaotorial segrega- 
tion of long and short hairs at the base of the grain and this was in agreement with 
the results obtained by Mlsson-Ehle [1909]. . 

Nine families which were breeding true for ‘ many ’ basal hairs, thin awns and 
sterilis base in the Fj generation of Cross III were examined in detail for the 
inheritanceofthesizeofhairs.Thesebehavedasfollows:— 

4 families bred true for short hairs, 

3 families bred true for long hairs, and 
2 families segregated on a 3 : 1 basis, thus : — 



Table XIV. 

Segregatioii in 2 families of Fg for size of basal hairs. 


I 



Observed 


Expected 


The fit is extremely close indeed and indicates a monohybrid type of segrega- 
tion for this character which is independent of the gene for the degree of basal 
pubescence. The data are undoubtedly very meagre but certainly in agreement 
with the observations of other workers. 


No. of 

families 

studied 


Frequency 


Size of bails 


Short 


Total 

Number 

of 

plants 


Dei. 


P. E. 


3*50 





I • >(<• 

' 



r '1 'i 

pMii 

j Si’ 

,1 



li 



STTOI32S m mmm oats, ii 
IX, Leaf-hairs. 

The Scotcli Potato oats have numerous hairs on the margin of their leaves 
while the B. S. types 2 and 4 both have only a very few hairs restricted mainly to 
the lower one-third of the leaves. The plants in both Crosses I and II had a 
medium amount of hairs, more in extent than the B. S. parents but certainly much 
less than the Scotch Potato parent. These will be called 'many/ hairs hereafter. 
The nature of leaf -hairs may be gauged from Fig. 3. 


Fig. 3.— Marginal leaf-tairs m oats. 

r. Numerons leaf-hairs in Scotch Potato ; 

Many leaf-hairs in Ej hybrid ; and 
3, Pew leaf-hairs in B. S. 2 oats. 

The inheritance of leaf-hairs was studied in detail in Cross II. No record 
about the inheritance of this character by other workers is known to us. Two 
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factors appear to be responsible for the inheritance of leaf-hairs. The Fg showed 
the following phenotypes and frequencies 

Table XV. 

Segregation of leaf -hairs in on 9 : 3 : 4 basis. 


Cross 

Year 

Frequency 

Nature of leaf-hairs 

Total 

Many 
like Fi 

Nume- 
rous like 
S. Bot. 

Few 

like 

B. S. 2 

number 
of plants 

II 

1927-28 

Observed 

108 

72 

60 

240 



Expected 

135 

45 

60 




(O-C) 

27 

27 

0 


II 

1929-30 

Observed 

70 

28 

33 

131 



Expected 

73*8 

24*6 

32*7 




(0-— C) 

3*8 

j ■ :3*6 

j 0*3 



Less than 0*01. 


0*6993 Bet-ween 0*80 and 
0*70. 


It is evident from the above table that the 'many" like phenotype was 
easily recognized in 1929-30 and hence fits in this class were almost perfect bnt 
some difficulty was experienced in the first year, 1927-28, in differentiating between 
the ' many " and ' numerous " and therefore the fit between observed and expected 
frequencies in these phenotypes was badly out although the frequencies in the 
' few " phenotype were quite close. A two-factor difference is, however, evident 
in both years and is finally confirmed by the behaviour of the F 3 generation. 

Twenty-nine families studied in the Fg for this character showed that 
10 families were homozygous for ' many " leaf -hairs, 

7 families were homozygous for ' numerous" leaf -hairs, 

3 families were homozygous for ' few " leaf-hairs, and 
9 families segregated as follows 

Table XVI. 

Segregation in of marginal leaf -hairs. 

1 iNo. of| [ Katiare of leaf -hairs I™ , ,1 1 i 


Nature 

of 

parent 




Frequency 


Observed IK 
Expected on 
9:3:4 
(likeig 110* 
(0~C) 5* 

X* = O' 
Observed 155 
Expected on 
3 m any : 

1 numerous 144 
Observed 337 
Expected on 
3m&ny : 
JllfW 1339* 


Many 

Numer- 

ous 

Few 

116 

33 

47 

110*26 

36*76 

49 

5*75 

3*76 

2 


0-7696 P 
155 


Total 
number 
of plants 


76 49 196 

76 1 2 1 .. 

between 0*70 and 0*50 
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It majr be observed that the ‘ numerous ’ class in one case was again deficient 
but this is perhaps due to mistaken diagnosis in having included some plants having 
this character with those having ‘ many ’ leaf-hairs. 

This and other observations with some other crosses to be reported later, there- 
fore, confirms that the inheritance of this character depends on the inter-action of 
at least two factors. 

X. Inheritance OF quantitative characters. 

A number of quantitative characters have been studied in the present crosses and 
the more important ones will be discussed here. The influence of the environment 
on such quantitative characters as the number of tillers per plant or the length 
and breadth of leaves of oats or other cereals sometimes greatly obscures the true 
mode of inheritance of such characters. But given approximately the same condi- 
tions for plants of all generations, parents, Fj, F 2 , and F 3 , it is possible to obtain 
reliable ideas about the nature of inheritance of such characters. 

1. Maturity as measured, hy the date of heading. 

Nilsson-Bhle [1908] found transgressive segregation in a cross between medium 
early and late maturing oat varieties. Caporn’s results [1918] indicated that three 
factors were probably involved. Noll [1925] found earliness to be due to a series of 
dominant factors with a cumulative effect while Garber and Quisenberry’s results 
[1928] show that early ripening is dominant and that only two factors are involved. 

Table XVII shows the frequency distribution of the number of days taken to 
head out by the parents, F^, and Fj and some F 3 families in the crosses under 
discussion. The average number of days taken by Scotch Potato to show the first 
flower was 137'40 ^ 0’54 days in 1928 and 138'16 0‘66 days in 1929 respectively, 

and indicated that the variety was extremely late. Abundance followed quite 
closely with an average of 131*33 ± 0*42 days in 1929 and 136*19 0*27 days in 

1930 and was similarly quite late. B. S. 4 headed out in 76*36 ± 0*45 days in 1928 
and 78*21 ± 0*26 days in 1929 and 88*07 ± 0*22 days in 1930. This was the early 
parent in Crosses 1 and III, while the early parent in Cross II was B. S. 2 with 
86*76 ± 0*43 days in 1928 and 84*00 ± 0*41 days in 1929. Differences between 
the exotic and Pusa parents were therefore statistically significant. 




ScotchPot.xB. S.g- 1928 
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Elg. 4. Inlieritance of maturity in oats showing frequency distributions of the number of days 

taken to bead out. 

Cross 2, — (Top figure) showing segregation on multiple-factor basis. 

Cross 3.*--*CLower figure) showing segregation on a single-factor basis. 
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In Gross III with Abundance oats in which the plant was intermediate bet- 
ween both parents, the Pg exhibited a bimodal curve (Pig. 4) and extended over the 
range of both parents, the modes coinciding more or less with those of the parents. 
The frequencies of the Pj population within each parental range are given below and 
suggest a monohybrid type of segregation with simple dominance of earliness 

Table XVIH. 


Segregation in of early and late maturing plants on a 3 li ratio in Cross III. 




Maturity 

Total 



Dev. 

Orosi 

Frequency 

Early 

Late 

number 
of plants 

Dev. 

P.E. 

m 

Observed 

232 

62 






Expected ' 

220-5 

73-6 

294 

11-5 

5-01 



In all the crosses selections for Pg were strongly influenced by the fact that late 
flowering is an economic disadvantage for Indian conditions. Such selections were 
therefore restricted to the more early-maturing individuals and as a result none of 
the Pg families exhibited lateness. 


2. Height of plants. 

Nilsson-Ehle (1908) crossed two sati/oa varieties of oats which differed in height 
and obtained transgressive segregation in Pg. A similar result was obtained by 
Surface [1916] in a cross between A. fatua (tall) X A. saliva var. Eherson (low). 
These results may be explained by the assumption of multiple genes. 


The height of plants is a variable character as it is greatly influenced by soil 
and climatic conditions. This may be seen from the average heights of Scotch 
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Potato, B. S. 2 and B. S. 4 oats during the three consecutive years, 1927 to 
1929:— 


Type 

Average heights in cm. 

1927 

1928 

1929 

Scotch Potato oats 

90*0 

87*84 

104*76 

B, S, 4 oats 

90*0 

129-42 

144-36 

B. S. 2 oats 

85-0 

122-13 

160-21 


In Crosses I and IT the Fj individuals were grown in 1927-28u and were 90 cm. 
and 88 cm. respectively in height. This was a year of low heights and hence due 
allowance must be made when comparing the Fj figures with those of F 2 in Table 
XVIII which shows the frequency distributions of the height of plants in different 
generations. The following year, 1929, again showed greater increase in all parent 
formsand thiswaslikewise manifestedbymany of the Fg families studied during 

this year. On the other hand 1930 was again a year of low heights, as will be seen 
fromthedistributionsoftheheightsofB. S. 4 and Abundance oats as well as 
those of the Fg families of Cross III. 

The difierences between the Fg means from their respective Fg values for height 

are therefore due mainly to climatic variations. 

The Fi plants in all the three crosses therefore indicate no dominance but 
show a more or less intermediate nature while the Fg progenies showed practi- 
caUy mid-parental heights .and much largef variabiUty than any of the parental 
types (Fig. 6),.^ Transgressive segregation and the distribution of the heights 
almost approaohing a normal ■freq.uency curve confirms the assumption of multiple 
character as is suggested also by other workers elsewhere. 
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ABUmANGE 


~CMB. 


Examples of some homozygous and some heterozygous Eg families are shown in Table XVIH. 


Cmss 2 


Scotch Fot<LW 


ao $s /2e/5s mm /ez 

HEIGHT 


pig. 6. Inheritance of height of plants in oats. Chroas II (Mt) and Cross M (l^ht). 
Absenod of dominance and segregation on multiple-factor basis is eviaen . 


Cbossu 




Scotch Potato 
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3. Number of spikeilets per panicle. 




ffilsson-Elila [1908] has reported the occurrence of transgressive segregation 
again in the inheritance of the number of florets in the spikelet indicating that the 
character owed its expression to several genes. 

In Crosses I and II with the Scotch Potato oats the Ig Pg populations show 
a higher spikelet number than either parent. In Cross III however when one of 
these B. S. parents was crossed with the Abundance oats, the Pg segregation is 
within the range of the parents. It appears therefore that the increase in spikelet 
number in the first two crosses was due to some factors present in the Scotch Potato 
variety. Table XIX shows the frequency distributions for this character in all the 
three crosses. 

The Scotch Potato oat showed a mean of 83*55 spikelets per panicle in 

a population of HI plants in 1928 while the following year this type showed an 
average of 94*36 ± 1*33 spikelets in 94 plants studied. B. S. 4 parent on the other 
hand showed a mean of 80*28 ± 0*89 and 80*80 ± 0*85 respectively in these two 
years. The plant in Cross I had a mean of 116 spikelets to the panicle. The 
Pg progeny had a mean of H7'76±1’69 spikelets but the range of variation was 
greatly extended and the standard deviation was over twice as great as those of the 
parents. The plants with high spikelet numbers had as much as three or four 
times the average number of spikelets in the two parental varieties. Presumably 
additive factors are responsible for this increase. The frequency array indicates 
an approach to a normal curve and is a definite indication of transgressive segre- 
gation. Although the parent races exhibited the same spikelet numbers, more or 
less they must have differed in their genetic factors for this character. As a con- 
sequence of the production of new genetic combinations for spikelet number in P 2 , 
new types appeared with higher and lower numbers than those of the parents 
(Fig. 6). These results are, of course, to be expected on a multiple-factor hypothe- 
sis and resemble those obtained by Hayes [1912] in the inheritance of leaf-number 
in tobacco. The frequency distribution, as well as the realization of plants in the 
extreme classes, indicates that only three or four factors are responsible for this 
character. 








V * 









Scotch Potato 
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Plants witK h spitelet numbers were selected in tbe F 2 tbeir progeny 
in the Fg yielded many families homozygous for this character and a number of 
heterozygous families. Due allowance, however, must be made for the fact that 
hybrid vigour in Fg parental forms induced higher average spikelet numbers in these 
which were not absolutely realised to the same degree in their Fg progenies. 

In Cross II the same conditions obtained, Scotch Potato oat being the common 
parent in both these crosses. 

Cross III on the other hand presented quite a difierent nature. Here the 
average number of spikelets per panicle in the Abundance oats was 79*832t:r21 in 
1929 and 88*09±0‘94 in 1930. B. S. 4 as shown in the previous cross had an 
average number of 80‘80±0;85 spikelets to the panicle in 1929 and 77‘6S±0*72 
spikelets per panicle in 1930. The F^ showed about 98 spikelets. The F^ progeny 
had a mean of 9r06±0*98 and a standard deviation of only 23*90i0*69. The 
frequency ' distribution when giaphically represented (Fig. 6) shows a skew curve 
indicating a dominance of plants with a low spikelet number. The Fg families 
unlike .those in the first two crosses do not likewise show a high spikelet number, 

. Plate LXIV depicts the average number of spikelets per panicle in tbe Scotch 
Potato and B. S. 2 parents as well as in the Fg hybrids from a cross between these 
two types of oats. Panicles with a large number of spikelets were ultimately 
selected for Fg study. 

XL DiSCUSSIOH of EESULTS. 

Qualitative characters. 

It is evident from these studies that a unit factor difierence is present in the 
type of floret separation or basal articulation in three crosses between Avena saliva 
L. xAzena sterilis, culta L. The exotic parents, Scotch Potato and Abundance 
have a saliva tjfe of base and may be represented by the factors AA. Both B. S. 
2 and B. S. 4, on the other hand, possess sterilis type of base and may be re- ' 
presented by the allelomorph aa. The F^ and the other heterozygotes in the 
Fg have an intermediate type of base and must therefore be Aa ; the Fg segregation 
being 1 AA : 2 Aa : 1 aa. 

Similarly a monofactorial mode of inheritance has been observed between 
plants with strong awns (Scotch Potato and Abundance) and plants with weak 
awns (B. S. 2 and B. S. 4). If BB represents the factor for strong and bb j_for weak 
awns the Fg segregation may he shown by 1 BB : 2 Bb : 1 bb. 
f « Lififcage between (a) the sterilis type of base and (b) weak awns has also been 
observed. This is very strong in the cross between Abundance and B. S, 4 oats, 
the <HPO^-oyer value being “oidy, 3:3 per cent. In the other two crosses with Scotch 
Potato oats; and B. SI' 4 tod B; S; 2 ihe cross-over values are 17 and 23 per cent, 
respectively;' ‘ ‘ " * 


•li'"' 
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For the inheritance of basal pubescence, however, at least two pairs of factors 
are responsible. If C be a factor for producing ‘ many ' hairs and D be a factor for 
‘ very few ^ hairs which also reduces the action of C and, when present with it, reduces 
the extent of hairiness to ‘ many-1 ’, the B. S. types 2 and 4 may be represented by 
CCdd and the Scotch Potato and the Abundance oats by ccDD. It wiU be evident 
that the presence of both C and D together would produce ‘ many-1 ’ hairs (lesser in 
extent than ‘ many ^ hairs). The complete absence of both these factors for hairiness 
on the other hand would produce another new phenotype ‘nil’ which would have 
no hairs at the base of the grain. Thus:— 


CCdd 

(Many) 


ccDD 

(Very few) 


Parents 


CcBd 

(Many-1) 


CD Cd cD cd Pg 

9 Many-1 : 3 Many : 3 Very few : 1 Nil 

The following table shows the genotypes and phenotypes observed in Fg as well 
as the Fg expectations :— 

TABLEXX. 

Genotypes and phenotypes observed in and, the theoretical expectations in Fg. 


Genotypes 

Fg phenotypes 

Fg expectations 

1 CCDD 

Many-1 

Pure breeding 

2 CCDd 


3 Many-1 : IMany 

but difficult to differentiate from above (page 786) 

2 CcDD 

» 

3 Many-1 : 1 Very few 

4 CcDd 


9 Many-1 : 3 Many : 3 Very few : 1 Nil 

1 CCdd 

Many 

Pure bleeding 

2 Ccdd 

Very few 
»> 

SMany : INil 

1 ccDD 

Pure breeding 

2 ccDd 

3 Very few : 1 Nil 

1 ccdd 

Nil 

Pure breeding 


In the study of the F 2 generation the ' very few " and ‘ nil " phenotypes were 
combined, at first and contrasted with the ‘ many-1 ' and ‘ mvany ’ phenotypes, as it 
was believed that segregation was on a monohybrid . basis giving 1 ‘ very few ^ : 3 
‘ many ’ hairs. The behaviour of the Fg generation, however, proved the fallacy of 
this assumption and it was found that two factors were responsible for the inheri- 
tance of this character and the true nature of segregation was as indicated above. 

A few Fg families were studied also for the. size of basal hairs in Cross III and 
these suggest that a single factor is also responsible for the inheritance of this 


i'l 
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character and that this factor is quite independent of the factors for the produc- 
tion of basal hairs. 

In the Scotch Potato oats the margin of the leaves is beset with ‘ numerous ’ 
flue hairs while in B. S. 2 and B. S. 4 oats there are only a ; few ’ hairs restricted 
mainly to the lower one-third of the leaf. The Pj plants in Crosses I and II have 
‘ many ’ hairs, more in extent than the B. S. parents but distinctly lesser than those 
in the Scotch Potato parent. The ‘ many ’ phenotype behaved as the double do- 
minant in the P 2 ) nature of inheritance being as follows 

FPggHH X ffGGHH Parents 

(Numerous) | (Pew) 

FfGgHH P, 

(Many) 


PGH PgH IGH igH 

' ^ y. 

9 Many like Pi ■ 3 Numerous s 4 Pew 

Here F is the factor for producing ‘ numerous’ hairs and G is the factor which 
reduces the action of P, while H is the basic factor for producing leaf -hairs. So that 
whenever P and G are present together the leaf-hairs are reduced to ‘ many ’ like 
Ii. 

The Abundance oat has almost no hairs on the leaf-margin and so the nature of 
inheritance of leaf-hairs has not been studied in Cross III. 

Qmntitative characters. 

Multiple factors are involved in the inheritance of early and late maturing 
plants in Crosses I and 11, while in Cross III a clean-cut segregation in the Pg into 
approximately three-fourths early and one-fourth late plants suggests a monohybrid 
mode of inheritance. 

Multiple factors are again responsible for the inheritance of spikelet number 
per panicle in Crosses I and II. The Fg generation presented some plants with 
lower and some with enormously higher spikelet numbers than either parents, 
although both the parents exhibited approximately the same number of spikelets 
per panicle. Additive factors are perhaps responsible for this increase in number 
and a curve of the error type given by the Pg population shows that transgressive 
segregation is present here. Cross III however presents a skew curve for the Pg and 
indicates dominance of plants with low spikelet numbers. 

Transgressive segregation and the distribution of heights of plants in the form 
of a normal frequency curve suggests the presence of multiple factors again for the 
inhmitance of the height of plants in the oat crosses under consideration. This 
character, it, must be remembered, is greatly influenced by environmental conditions 
but its mode of inheritance is nevertheless brou^t out, 
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SUMMABY. 

Inleritance of some cliaracters in three interspecific crosses between 
saliva IAio.n. Xd. sterilis, cwite linn. (A. byzantma Kocb.) have been described. The 
oat crosses studied are . 
Gross I — Scotch Potato oats X B. S. 4 

„ „ „ „ X B. S. 2 

,, III — ^Abundance „ x B. S. 4 

The Scotch Potato and the Abundance oats possess & saliva type oi base and 
the B. S, oats have sterilis type of base. 

Although reciprocal crosses were attempted in every case, success in crossing 
was only achieved with the late maturing Saliva varieties as the pistillate parent. 
Single factor differences have been observed between : — 
iSaiwa and sienZis types of base, 

‘ strong ’ and ‘ week ’ awns, 
and ‘ long’ and ‘ short’ basal hairs. 

Two factors are responsible, on the other hand, for the inheritance of basal 
hairs and hairs on the margin of leaves. 

Transgressive segregations indicating the presence of multiple factors have been 
observed in the inheritance of height of plants in all the three crosses, number of 
days taken to head out and the number of spikSlets per panicle in Crosses I and 
n. While in Cross III doihinahce of early maturing plants and plants with a low 
spikelet number have been observed. 
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I. Inteoduction. 

The existence of numerous varieties in rice has actuated many a worker to 
attempt at their classification into various groups. The difficulty to follow any 
particular scheme has been mainly due to the ‘ fluctuations ’ of the characters used 
in the classification. Kikkawa [1912], Graham [1913], Beale [1927] and Sethi [1930] 
have recognised that the metrical attributes of grain, namely, length, breadth and 
thickness are more constant than many of the vegetative characters and hence have 
employed them as the basis of their classification. They have distinguished the 
groups according to the length of grain in relation to its breadth. As the bbi nVnA af. 
of the grain does not show such wide variations as the length and breadth, the size 
of the paddy grain is expressed with ’tolerable accuracy by its length and breadth 
only. The size of kernel inside the husk follows almost exactly the variations of 
,the size of the unhusked grain with very few exceptions, and hence the latter may be 
thken as an index of the kernel size. 


r i ^ before the Association of hlconomic Biologists, Coimbatore* 
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The importance of the size of grain in international rice trade can ^not he over- 
stressed. Some markets prefer a fine long rice as the famous ‘ Patna , while others 
prefer a fine round type. In addition to the preferences of markets for particular 
sizes, the chief factor contributing to the success of rice trade is ‘ uniformity . 
This is of paramount importance, especiaEy in milling trade, as a mixture of difler- 
ent sizes means either a good percentage of loss as broken rice or a high percentage 
of unhusked grains. The problem of the breeder is to evolve particular grades of 
strains of rice according to the local mills and also, to the needs of the controlling 
markets. There is thus the necessity for a knowledge of the inheritance and be- 
haviour of the characters governing the size of rice, so that the evolution of strains 

according to the preferences may be possible. 


II. Review OS' xiTBEATUEE. 

So far, references relate only to the monofactorial segregation between the short 
round type and the long and narrow type in rice. Lien Pang Chao [1928 ] has 
published that short spikelet (round shape) is a simple dominant to the long type. 
Ramiah et al [ 1931 ] have recorded that short round type {dnimani type of gram) 
was a simple dominant to the long narrow type. It was then surmised that the 
factor or factors responsible for spikelet length might be different from those respon- 
sible for shape, but might be closely associated. In wheat, Engledow [ 1920 ] foun 
that the inheritance of glume length was of the form of 1 : 2 : 1 m the P^, the 
beina intermediate. The difficulties met with in the genetic analysis of metrical 
charicters formed the subject of a separate investigation by Engledow [ 1922 ] m 
Which the fluctuations were sought to be ‘handicapped’ or compensated with the 
establishments of correlations or ratios. In ‘ Cucurbita pepo ’, Smnot [ 1931 ] has 
recorded that disk shape was a simple dominant to the sphere and supested a 
single factor for shape and a number of independent factors for size or volume and 
the dimensions of the fruit were the result of the interaction of these factors. 


III. o® bnyibonmbnt* 

Before analvsing the genetical factors controlling the size of grain, it is necess- 
ary to know how far environmental conditions affect the expression of size. 
Characters as height, flowering duration and tiUering in rice are subject to a great 
deal of ‘ fluctuation ’, due to changes in environmental conditions as sods, naanures 

and seasons. Considering the behaviour of aU these characters, the size of gram 

may be considered to be least affected. And it is this relative constancy of the 
character under varied conditions that makes the classification of rices on the basis 
of grain size possible, ^ 
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As mentioned before, tHckness of tbe grain does not sbow considerable diffe- 
rences as the other two dimensions in the various types of varieties ; the measure- 
ments of length and breadth express the relative size with good precision. The 
length and breadth measurements are recorded with the help of a slide caliper with 
a vernier scale reading up to 0*1 of a mm. There may be a slight difficulty in 
correctly judging the width of the grain, but the maximum width is always record- 
ed, which can be done with ease after a slight experience. Lord [ 1929 ] has used 
a glass scale reading up to 0*6 mm., but the vernier calipers used here in recording 
dimensions of grains is safely the best for easy, quick and accurate measurements. 
He has concluded that a minimum of 20 grain measurements is necessary for a 
representative sample. To arrive at the size of a sample to be measured in our 
work at Coimbatore, a large number of samples from a pure line was measured, and 
the variability of grain length determined for the different sizes of samples 
(Table!), 

Table I, 


Variability of grain Urigth in different samples {T. 25). 


6QBAINS 

1 12 GBATFS 

24 GBAINS 

36 GEAIFS 

Mean j 

S. D. 

1 0. V. 

Mean 

S.B. j 

C. V. 

Mean 

S. B. 

O.'V. 

Mean 

S. B. 

C.V. 

7*2 

0*20 

2-8 

7*2 

0*26 

3*6 

7*3 

0*27 

3*7 

7*4 

0*31 

4*2 

7‘3 

029 

3*9 

7-6 

0*23 

31 

7*3 

0*35 

4.7 

7.4 

0*28 

3*8 

7*4 

0*22 

3*0 

7*3 

0*39 

6*4 

7*5 

0*26 

3*3 

7*4 

0*27 

3‘6 

7.4 

0*32 

4*2 

7*3 

035 

4*8 

7*4 

0*27 

3*7 

73 

0*33 

4*6 

7*2 

0*30 

4-2 

7*6 

0*21 

3*0 

7*3 

0*31 

4*3 

7*3 

0*25 

3*4 


The above table shows that a six-grain sample compares fairly with a 36-grain 
sample, and hence the measurements were restricted to six grains in each case. 
The grains taken for measurement from the earhead of the plant are either from the 
top or middle of it, as otherwise, there is the possibility of including half-set and 
iU-filled grains which are usually situated at the base of the panicle. It has also 
been found that grains in the different tillers of the sample plant, do not vary 
significantly in size. 

" ’ , As regards the effect of soil on grain size, it is usually the complaint of cultiva- 

tors that fine varieties get coarser gradually during years of cultivation in heavy 
, : i; delta soils. There appears to be a certain amount of truth in this complaint as 
^ Sreenivasan [ 1932 ] has observed that in some of the types sent to Maruteru in 
. Godavari Delta from Coipibatore, the grains are gradually becoming coarser (Tables 
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II and Ila). But detailed investigations are necessary to properly sasaess 
of soil conditions on the modification of grain size. 


Table n. 

Yariation in grain size of two tyfes sent from Coimbatore a,nd grown in Maruterufrom 

1925tol928. 


Breadth, in mm. 
(Mean of 100 grain 
sample) 


Years 


T. 330 1925-20 (Original seed from Ooim- 

hatore). 


T. 314 1925-26 (Original seed) 


Table Ila. 

Variation in grain size of the same types grown in Coimbatore, 


Years 

Length in mm. 

(Mean of 6 
grain sample) 

1 Breadth in mm. 

1 (Mean of 6 grain 

sample) 

T. 330 

1926-26 . . , 



5-60 

=b *03 

2-60 ± >02 


1926-27 . „ . 


• 

5-45 

± *04 

2-60 ± *03 


1927-28 . 


• 

6-72 

± -03 

2-73 i: *03 

T. 314 

1926-26 . 


. 

8*20 

If 

o 

so 



1926-27 . 



8-30 

rb; -12 

ft « « # 


1927-28 . . , 


V 

8-50 

± *08 

* , 


Length in mm. 

(Mean of 100 
grain sample) 

5*46 

± *02 

5-64 

± >02 

6-64 

± *02 

5-99 

O 

-ri 

8-16 

± -049 

8-53 

± *038 

8-63 

± -046 

8-76 

± -039 


8-67 

± -036 
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The size of grain obtained from a crop grown in different months of the same 
year under Coimbatore conditions does not show a big variation, although in sow- 
ings of certain months the grain size difference appears to be significant (Table III). 


Table III. 

Variation in length and breadth of grain in a crop of Co. 3 raised in different months in 

one year at Coimbatore. 


Sowings 


Length in mm. 
(100 grain 
sample) 


Breadth in mm. 
(100 grain 
sample) 


The effect of manuring and spacing on grain size in rice has not been studied 
fully, but it is considered that they do not have any, though findings are to the 
contrary in wheat [ Engledow, 1930]. Eatooning of paddy, which is practised 
very occasionally in some parts of the Presidency, has a profound effect in reducing 
the size [ John, 1927 ]. Thus it can be taken, that for stabilised types which have 
been grown in pure cultures for a number of years in the same place under 

identical conditions, the comparison of grain size in El, p 2 Eg cultures would 

not have been vitiated by growing these in different years. Sufficient precaution 
was however taken to see that the parents were grown at every stage side by side 
with the progenies of crosses. 


IV. Inheeitanoe studies. 


It had been established previously that in a cross between a long grain and a 
short round grain, the latter was a simple dominant over the former. But it could 
not be said definitely, whether it was not a possible association between the short 
length and the round shape, that was not responsible for this unifactorial inheri- 
tance. (po get additional in|ormation on the point, a new cross wa^ made between 
. iiwo typj^, T. 65 and T. 293, wiiieh bad grains similar in shape but differed in len^h 
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by nearly 5 mm. The grain measurements of tbe two parents, and Eg, and the 
variability are given in Table IV, 

Table IV. 

Frequency distribution of grain length in ^parents and F^ of the CrossTM5xT£98/ 


Length, in mm. T.55 parent T. 293 parent 


Total No. of plants 32 

Mean 5*95 

Standard Deviation 0*13 

Coefficient of variation 2*2 ±*19 


38 

11-11 

0*27 

2-4±-18 


380 

, 'S-SS 
1*31 
LV4±*37 


It is seen tliat the Fi is more or less intermediate between the parents and 
that the Fg distribution covers the whole range of the parental limits in a definite 
bimodal form (Fig. 1). The range of the bigger mode is from 6'1 to 8-7 mm. 
and that of the smaller one from 8‘7 to 11‘7 mm., and the total number of plants on 
either side of the minimum frequency point is 234 and 146. Though the split is 
very clear these two classes could not be separated by the eye as was done in the 
case of the anaikomban and sirumani cross referred to by Eamiah \hc. where 
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the association of the round shape with a smaller spikelet length made the separa- 
tion possible, by eye judgment only. All the 380 Fg plants were grown in the 
following year to study this character inFgS. One head per plant was collected 
from each of the Fg family and made into separate bunches one for each family. 


O’ 20 

(y 


1 2 

Parenfs 


Grain iengil). — in m.m. 

Ifig. 1. — Rang© and disiiribution of grain length in parents aad Fa* 

These bunches were gone over in the laboratory to determine wHob of them was 
pure for grain size. The grain measurements of the apparent pure families were 
done, six grains in each panicle as before, and their means and variations deter • 
mined. It was found that, in tbe majority of these pure families, there was a 
definite corresponSence between the Fg mean lengths and Eg mean lengths, the 
difference between them not exceeding 0*2 mm. generally while in a few cases the 
difference was between 0*3 to 0*6 mm. The range, i,e., the difference between the 
shortest and the longest grain in these pure families, was however slightly more 
than that observed for the two parents grown in the same season. The difference 
between the shortest and the longest grain varied from 0*9 mm. to as much as 1*6 
mm. whereas the maximum difference for the parent never exceeded 1*1 mm. 
This might be dther due to the phenomenon of ' shift ' usually associated with the 
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inheritance of q-aantitative characters or to a number of minor subsidiary factors, 
besides the main important ones, as has been explained by Philiptschenko [1927]. 
For the families apparently segregating for spikelet length, a number were selected 
with means all along the Fg and grain measurements recorded for the 

shortest and the longest spikelets in each of these families to determine the extent 

of Fg range. A few of these splitting families were also studied individually for 

grain size variation. While such segregating families were found to occur all along 
the Fg range, the range of spikelet length in their FgS was never less than 2’2 mm, 
and in some cases it was as much as 4*2 mm. Details of measurements in a few of 
the typically pure and splitting families are given in Table V* 


Table V* 


A few segregating and pure families of the {Grain length in mm.) 


Number 

Fa mean 

Fg mean 

Fg range 

Standard 

Deviation 

Coeffieient 

of 

variation 

Pure families 





(1) 11546 

7-8 

7*5 i *02 

7*0 - 8*1 

0*29 

3*8 

(2)11906 

9-0 

8*8 ± *03 

8*2 . 9*8 

0*40 

■ - 4*6 . .... 

(3) 11S81 

9*6 

9*3 ± *03 

8*4 - 9*9 

0*37 

4*0 

(4) 11616 

9*9 

9*9 ± *02 

9*4 - 10*4 

0*25 

2*6 

(S) 11646 

10*2 

10*1 d= *03 

9*6.11*0 

0-33 

3*2 

(6) 11638 

10*6 

10*0 i *02 

9*6 - 10*6 

0*22 

2*2 

Segregating families 





(1) 11679 

7*1 

7*8 ± *07 

6*4 . 10*0 

■ 1*2 ■ 1 

16*3 

(2) 11649 

7*9 

8*3 db *08 

6*3 - 10*3 

1*2 

14*4 

(3) 11670 

8*0 

8*0 ± *07 

6*7 - 10*8 

1*0 

12*9 

(4)11697 

8*2 

8*2 ± *09 

6*6 - 10*4 

1*2 

14*7 

(6) 11669 

8*2 

8*0 ± *08 

7*0 - 10*1 

0*9 

11*7 

(6) 11628 

8*6 

8*8 ± *11 

7*4.11*3 

1*3 

14*6 

Parents 






T.65 

6*9 

6*9 ± *02 

6*5 - 6*1 

0*14 

■ ^ 2*3 

T.293 

11*1 

10*7 ± *03 

10*2 . 11*3 

0*25 

2*3 


The total number of Fg families pure for grain length, 49 out of 380, are found 
to occur all along the Fg frequency distribution (Table VI), and form about one- 
eighth of the total Fg population. 





Fg frequency 


Pure for size 
Sj^litting for size 


On a three-factor hypothesis, eight phenotype groups should occur in the ratios 
of 27 : 9 : 9 : 9 : 3 : 3 : 3 : 1 in Fg, of which” one in each group should breed pure in 
Fg, i,e., there should be eight pure types out of the total sixty-four. This appears 
to agree well with the actual results obtained. Though it is not possible to deter- 
mine the pure homozygous types in each of the eight phenotype groups, the 
phenotypes can be grouped together in various ways as 27 : 37 ; 36 : 28 and 
36 : 9 : 19 ; and when the actual number of pure types obtained in each of these 
are compared with the theoretical number which should occur (Table VII), the 
deviations are found to be not significant. 

Tablb VII. 

Ratio of splitting to pure families in F^=331 : 49. Theoretical ratio on a three-factor 
hypothesis ==:332^ 5 : 47 5. }^—:054» P~between '9 and *8. 

Occurrence of pure families in ike ratios group. 


Observed 

Expected 

P= betweeu 


27 : S7 
10 : 39 
6-/ : 42-9 

2*84 

*10 and *05 


36 

28 

36 

; 9 

19 

n 

38 

11 

: 7 

31 

12*3 

36*7 

12*3 

: 6*1 

30*6 

0*183 


0*274 



P= between J *10 and *05 | *70 and *50 | *90 and *80 

If shorter spikelets should be dominant to longer ones, and the numi)er of 
Mendelian factors controlling length were more than one or two, the smaller grain 
size in Fg must be associated with a larger number of factors, and hence the number 
of families breeding pure for short spikelet in Fg' must be comparatively few. 
Similarly plante with longer spikelets in Fg must contain fewer factors and a larger 
number of them should breed pure in Fg. This is actually found to be the case 


INDIAN JOXJRNAli OF AGRIOULTURAXi SOIBNOE 


[lit, V. 


Table VI. 

Freqwncies of pure and splitting families for grain length in mm. 


Fg Range 6*1 

6*3 6*5 

6*7 

6-9 7-1 7-3 

7*5' 7*7 'V*9 

8*1 

8*3 

8*5 

8*7 

8*9 

Fg frequency 2 

2 3 

9 

13 20 29 

38 32 45 

17 

14 

6 

4 

5 

Pure for size 

1 1 

. . 

.. 1 2 

4 1 1 

. . 



1 

* . 

Splitting for size 2 

1 2 

9 

13 19 27 

34 31 44 

17 

14 

6 

3 

"5; 
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(Table Vi), Hence it may be concluded, that in tbis cross where the grain length 
is not modified by shape, the inheritance of grain length is governed by the inter- 
action of three factors, though it is not possible to analyse the extent to which each 
of these three factors modifies the length. 

V, Correlation between length and breadth or grain. 

In the collection of more than 400 varieties of rice, it is found that when they 
are classified according to the length and breadth dimensions, there are very few 
varieties in the extreme classes. 


Table VIII. 


Amrage measurements of length and breadth of types for the year 1925-26. 




Short 

Medium 

Long 


Measurements 















in mm. 

5*1 

5*6 

6*1 

6*6 

7*1 

7*6 

8*1 

8*6 

9*1 

9*6 

10*1 

10-6 

Xotai 



to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 




5*5 

6*0 

(5*5 

7*0 

7*5 

8*0 

8*5 

9*0 

9*5 

10*0 

10*5 

11*0 



'1*9 . 






1 







1 

o > 

H 

)2*0 . . 

. . 

i 

, . 

, • 

2 

1 

, , 

. . 

i 

2 


1 

8 


)2*1 . 

1 

1 

ft ft 

1 


2 

a 

3 

ft . 


1 

. , 

12 


^ 2*2 

1 

1 

• • 

»• 

i 

2 

4 

2 

1 

i 

. . 


13 


f2-3 . 


1 




2 

6 

1 

3 



1 

14 


2*4 . 

i 



i 

2 

4 

7 

3 

4 

, , 


. . 

1'2 

a 

2*5 . 

, . 

. , 


, , 

4 

9 

12 

1 

2 

I 

1 


30 

.2 j 

2-6 . . 

. . 

, , 


• • 

4 

11 

9 

4 

3 

2 



33 

'S'* 

2*7 • 

1 

2 


1 

4 

7 

10 

3 

2 

^ . 

, , 

, , 

80 

a 

2*8 . . 

, , 

3 

2 

1 

2 

12 

10 

6 

4 

• » 

2 

1 

42 


2*9 . • 


3 

2 

, , 

8 

14 

10 

12 1 

3 

, , 

1 

, • 

53 

■ 1 

La*o . 

** 

,3,, 

3 

2 

5 

19 

1 

11 

■ 8 

1 


1 


53 


r3*i . ■ . 


1 

2 


5 

8 

12 1 

4 

5 ! 

1 



1 38 


3*2 . 


ft ft 


*2 

1 

8 

■ 5.1 

6 

« . 

2 



S 24 

Tj ' 

..«5 j 

3*3 . 


1 


ft • 

1 

2 

.■■■ 7 1 

3 

, . . 




: 14 

O ^ 

3*4 . 




ft * 

2 

, , 


2 

3 

• » 



7 

PQ 

3*6 . 




I 

, 

1 


3 

4 , 




5 

L3*7 . 


1 


• • 

•• 

•• 

.. 


.. 




1 


Total . 

4 

18 

9 

9 

41 

103 

106 

60 

32 

9 

6 

3 

400 


The above suggests the possibility of an association between the length of grain 
and shape or size. As the thickness of grain in rice varieties does not vary 
much, the ratio, together with the length of grain, can be taken as expressive 


of the shape or size of the grain. This index, , has been employed by Beale 


[1927] and Sethi [1930] In their attempts at the classification of rice types. When 
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these (r=+0*60±0*18), indicating that long grains tend to be narrow, and short 

grains are broader than the long ones. 

In the cross dealt with in this paper, the parents, T.55 and T.293, both exhibit 
the correspondence between length and ratio, r, the coefficient of correla-* 

tion, being equivalent to+0’59d;;;*03 in one and +0*63^: ’^3 in the other. The Eg 
progeny of this cross having a greater variability as regards the length of grain, also 
gives a good positive correlation between length and the index, r=-l~0’74d:’02. 
The same sort of correlation, r=+0-64d:*01, was also obtained in the Eg of the cross 
between a small round grain and the long narrow grain mentioned by Eamiah et ah 

So far, in one case, where the two parents differed in grain length and the 
shorter grain was associated with a round shape, the latter proved a simple dominant 
to the former. In another case described in this paper, where the two parents 
differed in grain length only, the shape remaining the same, the grain length is found 
to he controlled by three factors. Further work is in progress to determine the 
inheritance of the grain size and shape in two other cases, one between T.33 and 
T.82, where the breadth of the grain alone is the variable, the length remaining 
constant, and the other between T.33XT.25 where both the length and breadth 
vary. The analysis of the Eg results of these two crosses confirm that both the 
characters, length and breadth, follow a multiple factor type of inheritance 
(Table IX). Further, in the cross T.33 xT.25, where both the attributes, length and 
breadth, vary, there is a definite correspondence between the length variation and 
the distribution of mtio in the EgS (r=+*639j^'018). It may be stated, 

therefore, that the factors controlling length and the factors controlling breadth, 
though different, are not independent but are interrelated. 


Table IX, 

Parent, and F^s of crosses T,33x T^25 and T. 33x1.32. 



Mean 

Standard Deviation 

, Coefficient of variation 


Length 

Breadth 

Length 

Breadth 

Length 

Breadth , 


mm. 

mm. 

mm.- 

mm. 

mm. 

mm. 

Parents T.33 

6-88 

2*05 

0-135 

0-065 

2*29 

3*17 

„ T.26 

7*14 

4-00 

0-152 

0*124 

2*12 

3*10 

P, 11966 

6-56 

2-82 

. , 

» * 

1 ■ • • 


Pa 1716 

6-67 

2-90 

0-621 

0*220 

1 9*31 

7*61 


0'066 

0-098 


3*17 

3-63 

* 8'05 


2*05 

2*78 

2*54 

2*61 



0*202 
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VI. Summary. 


1. Among tKe qua,ntitative characters in rice, size of gxain is least affected by 
environment and hence has been used by various workers in their attempts at 
classification. 

2. For studies on grain size inheritance, a six-grain sample taken from the top 
or the middle of a panicle is sufficient for a plant, 

^ that soil and seasonal conditions affect the 

grain size and further studies are necessary to assess their relative influences. 

4. It had been established previously that the short round type of grain was a 
simple dominant over the long and narrow type, and it was then surmised that the 
factor or factors governing the grain length may be different, but might be asso- 
ciated with those controlling grain shape. In a cross between two narrow types, 
differing only in length, it is found that the inheritance is not simple but is of the 
multiple-factor type, there being three factors controlling grain length. 

6. Definite positive correlations are found between the length of grain and 


the 


length, 


breadth ’ shape, in the parents and in the progenies of crosses. 

6. Other crosses which are under study indicate that, like length, the inheri- 
tance of the grain width is also of the multiple-factor type. 

7. The factors controlling length and those controlling width are not inde- 
pendent but have an interrelationship. 
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(With three test-figures) 

Soon after work on the improvement of cotton-growing in Central India was 
started at the Institute, it was noticed that applications of and safflower 

cakes in small amounts, supplying 15 lbs. of nitrogen per acre, resulted in a superior 
growth and final yield [Howard, 1929]. Safflower cake usually gave higher 
yields. It was found to show similar superiority over other naanures when used as 
a dressing to sugarcane or as a raft* substitute for rice fields [Mann and 
Paranjpe, 1918 ; Knight, 1914]. 

It was suggested that the safflower cake flocculates the soil and that the im- 
proved tilth is responsible for higher yields [Mann, Josh! and Kanitkar, 1912]. 
The possible efiect of improved tilth alone, on cotton yields, was tested under local 
monsoon conditions, both in the field and in pot-cultures, in 1929 and 1930. 

Dressings of superphosphate* (at one cwt, per acre) and sulphur (passing through 
200 meshes per lin. in., at 20 lbs. per acre) were compared with those oi karanja 
and safflower cake (at 6| mds. per acre). The results w^ere 

. TabmY. 

Manurial experiments on cotton, 1929 and 1930. 


Treatment 

Total solids 
; in suspen- 
sion after 

1 48 hrs. 

(Field soil) 
grm. 

Growth-rate (pot- 
cultures) per cent, 
increase 

Yield of seed cotton 
(field- plot) 

1 Seedling to 
growing 
stage 

Growing 
stage to 
maturity 

1929 

1930 

Control 

0-122 

48-2 

250-4 

Sr. oh. 

3 7J 

Md. sr. ch, 

2 27 3 

Sulphur 

0052 

68*3 

25X-6 

3 lOi 


' ; Superphosphate 

0-058 

62-0 

232-7 

3 13| 

. . . . . . 

; Salfiowereake . 

0-074 

94*3 

258-0 

4 2J 

2 39 13 

■ Karanja 0 Bk& 

0-083 

109-2 

287-1 

3 4i 

2 34 8 


, The burning of cowdtmg and rubbish on the soil surface before a rice crop, 

^ ( 820 ) 



NITROGEN BALANCE IN BEACIC COTTON SOILS IN MALWA FLATEAC, i 

It appears that the improvement of tilth as indicated hy the degree pf floccula 
bion due to sulphur and superphosphate was superior to that due to safflower an_ 
harmja cakes. The growth-rate was higher, up to the end, for the cakes, while i 

decreased in later stages with sulphur and superphosphate. 

The order of superiority as regards yields in 1929 was : safflower cake, super- 
phosphate, sulphur control, Wjh cake. In 1930, however, Jcaranja gave yields 
almost equal to safflower cake which was always at the top ; this may e ue o 
season. In 1929 the first half of the monsoon was wet and was followed hy a ry 

period* while in 1930 the dry and wet periods were more evenly distributed and 
were of greater intensity (lig. 1). 



NITEOGElSr BAIiANGE IN BliACK COTTON SOILS IN MALWA BLATBAU, I 

Taking into account the better tilth produced by sulphur and superphosphate 
the higher yields due to cakes point to the importance of nitrogen supply. It has 
been shown that nitrification in black cotton soils with good tilth is superior in the 
beginning of the rains to that in puddled soils but that this difierence falls off later 
on [Flymen and Bal, 1925]. Cultivation of black soils (though perhaps improving 
tilth)s has been found to have no appreciable effect on nitrification [Annet and 
Padmanablia Aiyer, 1928]. Not only the amount of nitrogen but the manner in 
which it becomes available appears to influence yields. 

In order to understand clearly the role of nitrogen supply in determining cotton 
yields under local monsoon conditions, it seemed necessary to study closely the 
nitrification of these two cakes in black soil under conditions resembliug those of the 
field soil in July, August and September-- the growing period of the crop. The 
usual method of incubating thin layers at constant temperatures in flasks or similar 
containers is not suitable. The variations in humidities and temperatures should 
he similar to those under field conditions during the period ; free aeration should 
also be provided. The following procedure was therefore adopted. 

ExPEEIMENTAL METHOD. 

Bectangular trays 12 in. X 6 in. and 2 in. deep made of galvanised iron sheet 
were used as containers. Arrangements were made to divide the soil in the trays 
into several portions, without disturbing continuity, by inserting wire gauze strips or 
frames after the trays were filled. Samples could thus be taken at random at every 
period without disturbing the adjacent soil. Nine trays were placed on a wooden 
stand 21 in. long, 16 in. broad and 15 in. high with three shelves, so that sufficient 
interspace for free ventilation was left on all sides of each tray. The wooden stands 
with trays were kept inside a bottomless humidity chamber 2 ft. 3 in. long, 1 ft. 8 in. 
broad and 2 ft, 3 in. high. The chamber was made of a wooden frame fitted with glass 
sides and top and provided with closely -fitting glass doors on both the narrow sides. 
Two sets of half “inch diameter holes were drilled in the frame, one at the bottom of 
a narrow side, and the other at the top of the one opposite to it. Hooks were pro- 
vided to suspend a hygrometer and a thermometer. The humidities were kept 
under control by keeping shallow trays filled with water or calcium chloride near the 
bottom ventilators so that incoming air passed over them. The ventilators were 
always kept at right angles to the prevailing direction of wind to avoid inequalities 
due to sudden rush of air. The experiment was done under shade in diffused light. 

The very coarse material was removed from field soil which was then carefully 
mixed with the required proportion of manures — equivalent to 17 lbs. of nitrogen 
per acre in this case — and slowly and uniformly wetted by sprinkled water, keeping 
t;he granules intact. The mixture was allowed to rest for one day, and was then 
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fined mto the trays slowly and evenly without packing, right up to the brim. 
Enough water was then gradually added to bring the moisture within optimum 
range for nitrification— between 25 and 30 per cent. [Flymen and Bal, 1925]. 
The moisture w^as then kept constant within the range by periodically spraying 
(from a w^ash4>ottle fitted with a rubbe bulb) enough water to make up lost weight. 
The humidities and temperatures in the chamber were recorded and the former 
maintained within their required limits. Samples were removed from random 
sections in trays for analysis from time to time. Total nitrogen was determined by 
the E j eld ahl-Gunning method, combined ammonia by distillation with magnesia, 
and nitrates by the phenol-disulphonic acid method. Counts of algae were made hy 
the dilution method/ 

As the added manures do not generally go deep into the soil the depth in the 
trays was kept at two inches only. In contrast to field conditions, drainage was 
not allowed and the soil was protected from beating rains and surface wash. These 
factors, as well as the influence of growing crops, can easily be introduced if necessary 
under the arrangement used for this test. It is hoped in the future to obtain data 
by this method, under known conditions approximating to those in the field, which 
will prove useful as a basis for further field trials. 

Experiment L 

In order to get a preliminary idea as to what may happen in different dry and 
web monsoon periods, two sets were kept for nitrification, one starting from humidi- 
ties ranging between 60 per cent, and 70 per cent, and gradually rising to 96 per 
cent, to 100 per cent, in 12 weeks, and the other maintained at 10 per cent, higher 
humidity, rising to the same maximum in the same period [Fig. 2]. 

Treatments with ammonium sulphate (as standard for comparison), karanja and 
safifiower cakes were given to the soil. Duplicate samples from set A (lower hum- 
idity) were tested for total, ammoniacal and nitrate nitrogen before the start and 
after 16, 45 and 75 days. Set B (higher humidities) was similarly tested at the 
start and after 30, 60 and 90 days. 







Mkdred grms. of soil {oven-dry}. 
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Algal growths appeared after aTbout a month and were found to be mainly 
mucharia. General observations on the intensity of the growth were recorded and 
total counts per gramme of wet soil as well as the vertical distribution in the soil 
depth were estimated at the end of the experiment — ^twelve weeks. 

Table III. 

Ay Intensities of algal growths ; B, total counts and distribution in soil depths^ 


A 


Treatment 

IJ months 

2 months 

2| months 

3 months 

Ka/ranja cake \ 

No growth 

Most vigorous 

Less vigorous 

Almost un* 

changed 

Safflower cake 

No growth 

Most vigorous 

Vigorous 

Vigorous 

Ammonium sulphate 

A little growth 

Most vigorous 

Much less vi- 
gorous 

Still less vi- 
gorous 


B 


Treatment 

Algae per gm. of soil j 

Total 

1 ' , 

0 to J-in. 

i to J-in. 

Jto|-iE. 

|to I4n. 

Karanja cake 

6,000 

4,400 

600 

nil 

10,000 

Safflower cake 

12,000 

7,000 

1 

3,760 


22,760 

Ammonium sulphate 

8,000 

3,750 

1,860 

» 

13,600 


Experiment 11, 

A second set including the same manurial treatment was then started, keeping 
the humidity between 96 per cent, and 100 per cent. (Fig. 3). 


K 2 













te samples were withdrawn every week for analysis. The results obtained in eight weeks, 
- f ’ are given below 
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22nd „ 8 „ 3-09 4-23 2'60 3*59 72*52 3*13 4*47 2*58 3*69 69*97 8*09 4*19 j 2*55 3*45 73*80 
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Algae appeared after three weeks. Total counts were made every week after, 
on three-quarters of an inch depth only, because no algae had been found below that 
depth. 

Table V. 

Experiment IL Algal counts in a layer three-quarters of an inch deep. 


Period from start 


Treatment 

Ka/ranja cake 
Safflower cake 
Ammonium sulpkate 


4 weeks 

5 weeks 

■■ 

6 weeks 

7 weeks 

, S weeks , , 

nil 

1660 

2800 

925 

300 

300 

625 

300 

900 

926 

925 

3676 

3425 

1875 

, ' 925 ; ■ 


Discussion oe the results and conclusions. 

It will be noticed that under conditions of greater humidity ammoniacal 
nitrogen is higher, and nitrate nitrogen lower than in the drier atmosphere. Under 
drier conditions Jcaranja and ammonium sulphate accumulate more nitrates than 
saflflower cake. In a wetter atmosphere, cakes accumulate nitrates more rapidly to 
begin with, but are soon overtaken by ammonium sulphate. With all treatments 
nitrates rapidly fall in the third week, are lowest for haranja and remain so after* 
wards. 

The nitrates from ammonium sulphate remain slightly higher than from 
saffiower cake. This shows the variation in nitrates available to plants during these 
periods. The appearance of algal growth is simultaneous with the fall in nitrates. 
There is no loss of total nitrogen in any case. 

One point seems to be worth notice, viz,, that the actual quantities of nitrates 
found in the absence of drainage are far lower than those obtained in black cotton soil 
by other workers [Flymen and Bal ; 1919, 1922]. Similar low content had been 
observed when nitrification of composts was tested [Howard and Wad, 1931]. 
These low figures in the absence of drainage losses are of special interest, especially 
in view of the quick and vigorous crop-growth us|ally found in the field. An 
examination of algal counts indicates that whenever nitrate accumulations reach a 
certain limit, they are utilised by algae, leaving a small amount available to plants. 
Under cropped conditions the excess over the minimum will be shared between 
plants and algse, the exact division being determined by the comparatively 
favourable or unfavourable nature of the environment for either. The actual 
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quaiitities of mtrates produced are the sum of those found in the free state and 
those absorhed by algSBj which gives the real guide for estimation of the nitrate- 
producing capacities of different manures. The superiority of safflower cake, both 
as to total and steady nitrification is thus very clear. Unlike karanja chke md 
ammonium sulphate, which exhaust themselves sooner, safflower cake is capable of 
nourishing plants right up to the end and gives higher yields. Its comparative 
slowness in the early period does not handicap the cotton plant .whose require- 
ments are small at the time. Prescott's observation [1918] that nitrates accumu- 
late in soil under cotton in early stages while they do not doso under wheat and 
maize is pertinent. 

The algse seem to serve as traps for excess nitrates under humid conditions 
when they are likely to be lost by leaching or otherwise. The degree of leaching of 
nitrates from soil as well as the extent of algal growth varies with its wetness and 
they may thus automatically balance each other. Possible Joss of nitrates by leaching 
is thus confined to a small fraction of the nitrates actually present in the soil after 
absorption by plants and algae. This algal factor appears to operate in this way in 
Malwa during the monsoon, for in 1932, after a wet period of 9*36 inches of rain in 
five days, ending on September 9th, profuse algal growth, mainly wattcAam, was 
discovered in several fields. The nitrates thus trapped by algas can obviously be 
returned for plant absorption later on. The presence of algse in arable soils has 
been shown [Bristoi-Roach, 1927]. Their role in nitrogen conservation and in 
reducing leaching has been mentioned by Russell and Richards [1920], Russell [1923], 
Waksman [1929], Prescott and Piper [1930], and Howard and Wad [1931]. 

General yellowing of seedling crops during continued spells of wet weather is a 
frequent phenomenon on the Malwa plateau. The plants quickly recover after the 
rains stop. Attempts to trace denitrification in the flooded fields proved futile. 
Repeated addition of nitrites to pot-grown plants flooded even up to leaf-fall also 
did not result in yellowing. The absence of denitrification was further proved by 
another observation in the unusually long wet period (45 inches during a continuous 
period of 42 days) in 1932, when all seedling crops yellowed and became stunted. 
Ratoons of the previous year as well as crops sown in May remained quite un- 
affected and dark green. They continued to grow with normal vigour, unchecked, 
and by the beginning of October were fuE-grown plants three or four times larger 
t than the June-sown stunted crop. The starvation of seedling crops side by side 
" « 5 with adequate nourishment of older plants indicates a poverty of nitrates only a 

few inches deep, in soE around the active zone of the younger plants. Leaching by 
surface-wash, competition from absorbing micro-organisms or temporary suspension 
of mtrfficatiqa due to exc^siye moisture seem to be responsible, singly or jointly. 

presence of algse also precludes the possibility of denitrification. Russell [1914] 
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saw no possibility of denitrification in arable soil. Subrahmanyan [1927] has 
shown that there is no loss of total Or volatile nitrogen and that no bacterial 
denitrification takes place in water-logged soils. Nitrification stops only temporarily, 
to be revived at a rapid rate on drying. It will be of interest to determine whether, 
under field conditions, rapid recovery of crops on drying is mainly due to rise of 
nitrates from lower layers or to quick revival of nitrifying activity. Denitrification 
wheie the crop never recovers, may occur in small isolated patches in fields and the 
crop may remain diseased and stunted or may be completely wiped out. This 
has no economic significance [Waksman, 1931]. 

It is possible that accurate information on conditions that control nitrogen-* 
balance in manured and unraanured soils will permit of a more efficient manage- 
ment of crop-nutrition even under the reputedly uncontrollable monsoon conditions. 
The results with safflower cake show that a steady nitrogen supply and storage of 
the surplus, as reserve, in a stable yet easily available form, are likely factors for 
securing high yields on crops exposed to 'uncertain environment. It should be 
possible to use the reabsorption factor by suitable agronomic adjustments to control 
the transformation of soil organic matter, original or added, so as to regulate the 
supply of nutrients according to the needs and capacity of growing plants at a 
given period. Wastage being thus avoided, introductions of intensive crops will 
be facilitated. A fresh avenue appears to be opened for work along these lines, 
which may quickly yield results of practical value. 

Summary. 

(1) Higher yields of cotton from dressings of safflower cake have been shown to 
be due, not so much to improvement in soil tilth, but to appropriate supply of 
nitrogen. 

(2) A suitable^ method of studying nitrification in soil has been described. 

(3) In black cotton soil the concentration of free nitrates has been found to be 
very low under the conditions of the experiment. 

(4) Algae have been shown to be an important factor in conservation of 
nitrates. 

(6) The possibilities of the absence of appreciable leaching and denitrification 
in arable soils has been discussed. 
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(With Plates LXV and LXVI and ttvo maps.) 

Introduction. 

The last great outbreak of locusts in India had occurred in the provinces of the 
Punjab, Sind, Baluchistan and Rajputana during the years 1913, 1914 and 1916, 
and since 1920 hardly anywhere had locusts been noticed in India. People had, 
indeed, well nigh lulled themselves into the belief that locust infestation bad 
become a thing of the past, when, aE of a sudden, large swarms of them appeared 
in August-September 1926, in Sind, and bred extensively in that province. liater 
in the same year, enormous swarms of pink locusts were found Eying aE over Sind, 
spreading into the states of Kathiawar and North Gujarat on the south, and 
entering the southern districts of the Punjab on - the north. Early in the season, 
during the year foEowing (1927), egg-laying occurred in various districts in the 
Punjab and the United Provinces in March and the North-West Frontier Province 
in April ; and also in different parts of Baluchistan during the spring months. With 
this, a recurrent annual inf estation, that was at its worst during 1929, started over 
the whole of an area, extending from Baluchistan on the west to the United Provinces 
and Central India on the east, and lasted tiU November 1931. 

The origin of this infestation has, however, remained more or less a mystery 
for want of records of observations prior to September 1926 in regard to the 
entrance of the initial swarms. An excellent account of the infestation of 1926-27 
in Sind and Kathiawar is given by Mann and Burns [1927], They state as follows ; 

In point of time, the earhest notice we have of the attack under discussion is the 
appearance of locusts on the 25th September 1926 at Sujawal, Jati and Shahbunder 
in Karachi District. The Deputy Collector, Tatta (Karachi district) reported on 
November 3rd to the Collector of Karachi that locusts stiE in the hopper stage 
had been noticed aE round the Karachi taluka and that they were in abundance 
in the deAs near the Habb River. On the 16th November, the Deputy Director 
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of Agriculture in Sind reported that locusts had developed wings and hecome 
scattered. This is the only available report describing any locusts actually in the 
hopper stage 

Eeferring to the origin o£ the inf estation of 1926, they remark : The only 

observed place of origin of these locusts was tbe Habb Eiver-bed near Karachi, 
but the desert areas of Thar and Parkar is also a possible source 

One of the objects of the scheme of Locust Eesearch inaugurated by the 
Imperial Council of Agricultural Eesearch is the location of the permanent breeding 
areas of the desert locust within the limits of British India, and in the course of 
the locust survey tours undertaken for this purpose, locusts of the solitary phase 
have been found in some of the areas examined, chiefly : — (1) on the Mekran Coast 
in South Baluchistan ; (2) in the Indus Valley in Sind and South Punjab ; and 
(3) in parts of the Great Indian Desert. The relative importance of these areas 
as real “ reserves "' [Uvarov, 1932] of the locust can, however, be determined only 
by continuous observations made over a series of seasons during a nondocust 
cycle. In the opinion of the writer, however, it may also be possible to elucidate 
this by an intensive study of the great locust invasions of the past, whereby a clue 
may possibly be obtained as to which of these areas had functioned in individual 
cases as starters of the swarms. 

Locust swarms do not usually attract any attention until the outbreak has 
attained serious dimensions, and thus the initial swarms, which alone are of impor- 
tance for getting clues as to their origin, are naturally never noticed or recorded. 
Again, old records on locusts have proved to be a sort of rara mis in most of the 
offices, since they have, as a rule, not been able to escape the periodical destructive 
activities of the Eecord-Kesper in his endeavour to keep the prolific growth of files 
under his care within reasonable limits. It is only by a fortuitous and fortunate set 
of circumstances that a few old records of value have actually been found preserved 
in some places. The material thus discovered has been perused and notes taken 
with the object of making a comprehensive scrutiny of the whole question. Parti- 
cular attention was paid to the records of the period immediately preceding the 
attack of 1926, with the object of tracing out the origin of the last great infestation. 

: EXTEISIT OF BUEEBING IN 1926. 

,|: 4 \ In the course of the survey tours in Baluchistan, Sind and Pajputana, special 
attention was paid to this question, by collecting all available records on the 
subject, and making enquiries of responsible persons as to their remembrance of 
evenly, in the past,, especially in regard to 1926, with the result that considerable 
cnl^htenment las been obtained bn the subject (Map I). 
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In Lasbela, the earliest record for 1926 is that of an occurrence of swams of 
locusts on 24th August, at Sheh Lakhra attacking germinating crops, but without 
any indication as to whence they had arrived. In September, eggs were reported 
to have been laid in various places: the of Uthal, Sonmiani and 

Habnadi, and in October-hTovember, hoppers were stated to have appeared there- 
from. In November-December, large swarms of pink locusts appeared all over the 
State coming from an eastern direction. 

In the Thar-Parkar district of Sind, the earliest mention of locusts is in a 
report regarding an emergence of hoppers, towards the close of August 1926, at 
Gadra in taluka Chachhro, on the borders of the Sheo Pargana in Jodhpur State. 
Towards the end of August, flights of yellow locusts are recorded as having passed 
south from Chachhro into the desert portion of Nagar-Parkar taluka, and west- 
wards into Mithi and Diplo talukas, and laid eggs therein. In IJmarkot taluka 
also locusts were reported to have appeared from the east, and laid eggs all over 
the desert portions in September ; and huge numbers of hoppers were noted in 
October, In October-lTovemher 1926, large flights of pink locusts appeared all 
over the district, passing from east to west, and causing much damage to crops. 

In the Mallani area of Jodhpur State, adjoining the Thar-Parkar district, 
swarms were said to have appeared, in the month of of Samwat 1983 

August, 1926) from the west, and to have led to extensive breeding in the desert 
portions of Western Marwar. 

There is thus clear evidence to show that, besides the Hahb Eiver tract 
recorded by Mann and Burns, there were in addition vast areas of breeding in the 
Lasbela State, in the Thar-Parkar deserts, and in the Mallani and Sheo Parganas 
of Jodhpur State in September-October 1926; and this would serve to explain 
the sources from which the immense swarms of locusts, that appeared in the autumn 
of 1926 and spread over the Punjab, Sind, United Provinces, Rajputana, Kathiawar 
and North Gujarat, had been derived. 

InMekran, records indicate that in May-Jane 1926, there were large swarroB 
of hoppers and flying locusts in Kulanch. Fliers continued to he present there 
till the middle of July, after which they are said to have disappeared ”, It is 
also on record that between October and December 1926, large swarms of pink 
locusts had appeared from the east in the Niahats of Turhat, Kolwah, Dasht and 
Panjgur, and passed on towards the west. 

In Kachhi Division of Kalat State, there are records of the damage caused 
by the appearance of loonsts in varioxis villages of Mirpur-Nasirahad Mabat (ie., 
round about Gandhawa) between the 25th June and 10th July, 1926. At about 
the same time, locusts were reported' to have destroyed the cotton crops at Kurk 
in the adjoining British area in Sibi district (1st week of July, 1926). 
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In Jhalawan (Kalat State), loeusts are recorded to have been present in very 
large numbers in BihuEdar Niabat, during December, 1926 (presumably entrants 
from Sind). 

Direction OP LOODST MOVEMENTS IN Baluchistan. 

During the year 1931, the writer had the opportunity of studying the direction 
of locust flights in Baluchistan as reports came in, and the following general 
movements were noted (Map II), which indicate that there is a certain regularity 
in the direction of their movements during the difierent seasons of the year 

I. During the spring months, flights of over-wintered yellow locusts started 
(1) from the Persian borders on the west into Kharan, Chagai, Quetta -Pishin, 
Sarawan, etc. ; (2) from the Persian boundary on the south-west into Mekran, thence 
into Jhalawan and Sarawan; and (3) from Sind and Kachhi on the east, west- 
wards into Sarawan, and north-eastwards into the Bolan and Harnai areas. These 
migrations resulted in egg laying in suitable places, and the subsequent emergence 
of hoppers. 

n. In summer, the pink locusts produced from these hoppers were found flying 
during the months of May, June, July and August, in a general eastern direction 
(a) from the direction of Afghanistan, -oia Quetta-Pishin, Zhob and Loralai, into 
the Punjab ; (b) from Chagai, via Sarawan, Quetta-Pishin, Bolan and Kachhi, or 
via Sarawan, Jhalawan and Kachhi, info Sind ; and (c) from Mekran into Jhalawan 
and Lasbela, and ultimately into Sind. A scrutiny of the movements reported 
in Sind and Rajputana during this part of the year shows that part at least of 
these swarms passed on, in an eastern direction over Sind into Rajputana in 
August-September, and laid eggs there. 

III. In autumn, t'.e., between September and December, reports received from 
Lasbela showed an immigration of pink swarms from Sind ; other reports from 
Mekran were to the efieot that several pink flights hailing from the east had 
passed on towards the north-west ; and still others from Jhalawan indicated that 
ceETtain pink swarms from an eastern source were passing westwards into Kharan. 
At the same time, there were reports of flights from Sind into Kachhi. Reports 
of the same period as to flights in Sind and Rajputana also indicated a similar 
westward trend in their movements. 

; ; ' All available records for the years 1926, 1927, 1928, 1929 and 1930 in 
■j^Briochistan and Sind have been examined and these also show clearly that the 
, genetal ^aid in locust movements during the spring, summer and autumn periods 
^ wife- digl^ variationB, almost similar to that of 1931, the general direction 
btlQgr-r--(j)towt£dS east and north-east in spring ; (2) towards east and south-east 
ih Bumme^r; an^ (3) towards the west, south-west and north-west in autumn. 
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There also appears to be little doubt tliat a fair proportion of the western flights 
had usnally reached Persia almost every year in winter, and over- wintered there^. 
In spring, many of these swarms would appear (possibly in conjunction with 
locusts of Persian or Arabian origin) to have turned eastwards again into 
Mekran and Chagai, thus recommencing the circuit. It is possibly due to this 
seasonal circulatory movement — presumably directed towards regions of likely 
rainfall, i.e., in autumn and spring towards areas of winter precipitation, and 
in summer towards regions of monsoon rainfall,— that the infestation, once it starts, 
continues for a series of years. 

OeIOIN Of THE 1926 SWABMS/ 

The breeding areas of the summer season of 1926 in India would appear to be 
divisible into the following two distinct groups: — (1) a western one— inclusive of 
the areas of Lash ela and Karachi; and (2) an eastern one — comprising the desert 
tracts of Thar-Parkar district and Mallani. In the second group, breeding would 
appear to have started much earlier than in the first,— a fact which appears to be 
correlated with an earlier receipt of rainfall. In Thar-Parkar and West Eajputana 
good rains fell in July and August, and continued into September, whereas in 
Lasbela and Karachi, rains commenced only in August, though, later on, very 
heavy rains were received in September as the result of a storm that originated in 
Gujarat, and moved on over South Eajputana towards the Sind Coast, early in 
that month. 

So far as the western area is concerned, it appears to be reasonable to 
suppose that the origin of the infestation was the swarms of June- July, 1926, 
recorded in Kulanch. Since the general direction of flight of locust swarms pro- 
duced in summer in the Mekran area is to the east, towards Lasbela and Sind, 
the fliers noted at Sheh Lakhra on the 24th August 1926 were doubtless of 
Kulanch origin. By September^ the swarms had spread over the whole of Lasbela 
and Karachi and reached as far east as Jati, Sujawal, and Shah Bunder (25th 
September). At the same time, widespread oviposition had followed the heavy 
rains received in many parts of Lasbela and Karachi. 

* In tMs coimeotioii, it may be mentioned that tbe following writers state that the Persian in- 
festation of 1927 bad actnally been df rived in great part from an Indian origin ;*-’Fietcber [1929] states 
** The eastern boundaries of Persia were heavily invaded in 1927 by swarms said to have come from Sind 
and Baluchistan.” Noskov[1928] : “ Swarms of Sckistocerca gregaria migrated from India into 

Persia in 1927, and an enormous area in the east, stretching from the sea almost to the northern frontier, 
was infested with eggs. In the northern districts, the larvae hatched about the middle of May and 
reached the adult stage early in July.” Moritz [1928] : The swarms oi Bchiatocerca gregaria, which 
came from India and Southern Afghanistan, invaded a vast area, and the eggs laid by them hatched in 
May-June. New flying swarms moved mainly in an easterly op north-easterly di^coctiop, and many of 
them apparently penetrated into Afghanistan 


838 


IKBIAN JOUBNAL OF AGBIOULTUEAB SCIENCE 


[ HI, V. 


As to the eastern area, mz., Thar-Parkar and Mallani, it is not clear where- 
from the initial swarms had originated. A study of the movements of locusts in 
Sind in summer, indicates that a large proportion of the swarms come, during 
May, June and July, from the direction of Baluchistan, pass over the Sehwan and 
Dadu areas into Nawabshah district, and thence move eastwards into the desert 
portions of Khipro, TJmarkot and Chachhro talukas, and ultimately into the Sheo 
and Mallani deserts of Marwar. It is not inconceivable that the initial swarms of 
1926 had arrived from Mekran side by this route and in view of the early rainfall 
received in July in the Chachhro and Mallani tracts, had laid eggs earlier than the 
western swarms. If this view be correct, it is evident that the eastern infestation 
may have been derived from the same source as the western. 

On the other hand, small swarms of locusts are recorded to have occurred in 
the Dera Ghazi Khan district (Punjab) along the west bank of the Indus in 1922 
and 1926 [Afzal Husain, 1929], audit is just possible that small colonies of the 
solitary phase locust had been existent all along the Indus Valley during the period 
1920-26, and had developed into big swarms by rapid multiplication, induced by the 
good and widely distributed spring rainfall recorded all over Sind and Eajputana 
in the months of January, March, and May, 1926 (Table I). That such breed- 
ing is possible is shown by the observations made as to the occurrence of sporadic 
breeding in April-May, 1932, at Angare-Gadap in Karachi taluka, and at Thari in 
Khairpore State, hut further continued observations on this subject are needed 
before any definite opinion can be pronounced on this view of the origin of the 
eastern infestation of 1926. 

Table I. 


Monthly rainfall data in inches for the year 1926. 


Loc^ties 

Jan. 

Feb. 
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June 

July 
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Nov. 
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Table I — contd. 


Localities 
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Probable origin of the Kulanch swarms. 

Wliile in most parts of India and Baluchistan, there was no report of locust 
infestation between the years 1920 and 1925, Mekran records show that thrae was 
an outbreak of locusts though of limited extent — ^in the Niabat of Dasht, not far 
from the Mekran Coastal area in May-June 1923. Hoppers are said to have been 
found in millions at Zarrain Bug and Hasadi, damaging sohru (red sorghum), cotton 
and pulses. They acquired wings by the middle of June, and after flying about 
locally are said to have disappeared into the juugles by the end of June. Infor- 
mation was obtained from Choudhry Khair Muhammad — ^an Officer of Lasbela State 
who happened to be Muhasib at Ormara between 1921 and 1927, to the eflfect that 
locust swarms had appeared at Ormara in the summer of 1923 from an eastern 
direction. Nothing is, however, known of the subsequent history of the summer 
swarms of Dasht and Ormara. 

In Persia, an invasion of flying locusts is recorded at Keimanshah during 
1923, but presumably this was from an entirely different source. 

After 1923, there is no mention of locusts in the Mekran records, till June 
1926, when large swarms of fliers are recorded to have been present in Kulanch 
attacking cotton and pulses, as also large numbers of hoppers. The following 
information was obtained by personal enquiry from Sayid Imdad Husain Shah 
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who was Naft of Pasni from 1925 to 1927. In January 1926, there had been 
hea^y rains at Pasni, and indeed, all over Kulanch and the Mekran Coast. About 
Marcb-April, large numbers of hoppers had been noticed in various places in 
Kulanch : Kokbur, Gano, Eandiri, Nalent, Kandasole and Kappar. Subsequently 
large swarms of flying locusts were seen in Kulanch. Large flying swarms were 
also seen in the Pasni Niabat in October-November, 1926* In the spring months 
of 1927, locust hoppers were found in swarms all over the Pasni Niabat, especially 
along the bed of the Sail? Kaur, and measures for destruction were taken. . 

' Choudhry Khair Muhammad who had been Muhasil) at Ormara in 1926, 
stated" that h6 had clear remernbrance of the extraordinarily heavy rains (13'80 
iiiches)’ that *f ell at Ormara in January 1926, and also of certain swarms that had 
ajppeared from Pasni side in March- April, and laid eggs in the reks 

With ref erence to the possibn^^^ of the^ infestations of 1923 and 1926 having 
been the resultants of incursions of foreign swarms, there is nothing in the records 
to ifldica-fce the appearance of any at these periods, but on account of the general 
s^antinesis of information in the available records such a contingency cannot, of 
course, be entirdy precluded. The locust cycle of 1926-1931 appears to have come 
into existence more or le^s simultaneously in parts of Africa and Asia. In the 
Africo-Arabiaii area, the earliest swarms were noted by Johnston on the Bed Sea 

i Coastal plains of Sudan in the winter of 1926-26, while it was only in 1927 that 

invasions were reported in Sudan, Egypt, and Morocco. In the case of Somaliland, 
Kenya, and Tanganyika, as well as of Syria, Palestine, and Iraq, the first swarms 
were noted only in 1928. In the Indo-Persian area, the first swarms were recorded 
in Mekran and Sind in 1926, while invasions were reported from Persia, Afghanis- 
; tan, the Punjab, and United Provinces only in 1927, and from Central Asia only in 

1928-29. This probably indicates that there were two or more independent centres 
oi development in Africa and Asia, and that infestations had originated presumably 
; b^. an overmultiplication of solitary phase locusts in different reserves, leading to 

I tSfe formatioh of swar^^^ that, later on,, spread into the sthrounding countries in 

®|d course of one or two y^^ ' 

’■ ^ “Bees OB THB.MEERAlSr COAST. ,:,v 

I 1' A survey of the Mekran coast, made during the years 1931-32, has disclosed 

I the existence of certain remarkable breeding grounds of the desert locust, known 

i locally as “ reks extending along the Coast of .Mekran from Naka Kharrari and 

‘ Sonmiani on the east to Pishukan and Jiwani on the west. It is extremely likely 

that such “ reks '' are also to he found in the coastal region of the neighbouring 

aiea of Persian Mekran, and possibly also on the sea-board of the Persian 
Gulf— both on the Persian and Arabian sides* “ Bek is the name given to 
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Fig. 2. — ^Another part of Pasni ‘ Rek ’ •with high sand hills in tiie distance (Sept. 1932). 

after rain. 


Fig, 1. — ^Portion of Pasni * Rek ’ (Feb. 1933). Vegetation fairly green. 


Vegetation reviving 



PLATE LXVI. 



Fia 1 -Shifting sands to the north of Pasni town (Fob. 1933). With little vegetation except clumps 
^ of Oalotropis. 



Fig. 2. — * Reks * covering a vast area iiortix of Sonmiani in Lasbela State (Feb. 1932). Tall clumps of 
Thuhar {Euphorbia sp,) also found among the desert vegetation. 
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certain types of sandy areas, tMcHy covered with scrub vegetation of a 
xerophytic type, found occurring along the sea-beach on the Mekran coast. These 
“reks'' must originally have been formed, presumably, by the agency of the 
strong South-West wind, known as shemal, that prevails along the coast from 
April to September, and causes the beach sand to be blown into the interior in the 
form of slowly moving dunes. The development of the characteristic scrub, with 
which their surface is now clad, has served to stabilise them, so that they are no 
longer moving sands now. The vegetation noticeable on these reks '' is composed 
chiefly of the following plants : 1. ‘ Marrand " — Heliotr&pium mmomsimum (Bora- 
ginaceae)— the plant most preferred by the solitary phase locust | 2. ' Mazbung ^ — ■ 

Fmnkmia sp. (?)—(Cbenopodiaceae) ; 3. ‘ Barshonk ^—Panicum turffidim Forsk. — ' 

(Gramineae) ; 4. ‘ Tambo ■ — Grotalana al&ida— (Leguminosae) ; 6. ^Balibur ' 

Aerm jam Juss,— (Amarantaceae) ; 6. ' Shalwardir '—AmnihopJhytlum squct/r-. 

Boiss. (Caryophyllaceae) ; and various annual grasses that Spring up after 
rainfall. All these plants are shrubs not more than a foot or two in height, and,' 
there being no trees anywhere, these “ reks present more the appearance of un- 
dulating stretches of meadows than of sandy deserts. The vast areas of these 
‘*rek '' expanses, which may extend over 30 to 100 square miles along the edge of 
the sea, have usually been found harbouring locusts, occurring scattered as solitary 
specimens. At Pasni and Gwadar, they were first noticed by Locust Survey 
parties in May 1931, and at present, after the lapse of nearly two years, are still ] 

to be found in the same areas. On the other hand, at Ormara and Sonmiani— 
places both similarly situated — locusts were found to have completely vanished for ’ 

some time in 1932, presumably by reason of dispersion on account of drought, 
but after the heavy rainfall of July- August, 1932, they have re-appeared. So far : 

as present observations go, there appears to be little doubt that these. '' reks 
function as permanent ' reservations ' of the locust. ^ ^ ’ - 

Climatic CONDITIONS OF THE BEKS ", \ ^ 

The coastal region of Mekran occurs as a narrow strip of level pl^in, two to . j 

cwenty miles broad, stretching from the sea to the foot-hills of the . Mekran 
Coastal Range. Spurs from the latter, however, reach the sea in many plac^. I 

and abut on the sea-shore, so that the coastal plain is broken into discontinuous.. 
bits20 to 50 miles long. The hinterland beyond the Coastal Range, is mos I’ 

rocky, but contains fairly elevated river valleys, where wheat, jowar, and the date 

palm are cultivated in suitable situations. 

The coastal plain ofiers a contrast to the interior area in its climatic condi- 
tions. Along the coast, the winter is much milder owing to the influence of the 
sea, and the occasional drops of the mercury to 45°F. arc due to the imdraught, 
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in winter^pf the chill north wind of Mekran—known as the ponc^. In slimmer, 
the hinterland experiences high temperatures reaching up to 1I6®F, in the shade, 
while in the coastal plain the heat is tempered by the strong South-west sea wind— 
the ' that blows almost constantly, day and night, from April to Sep- 

tember, so that the maximum rarely rises above 90°F. Mekran forms part of the 
Western- Asian winter rainfall area, and most of its light rainfall is received bet- 
ween December and April, during the passage of a series of western disturbances 
that arise in Iraq and Persia and move on towards .North-West India, The 
heaviest falls occur between December and February, while from March to May, 
the disturbances are deflected more to the north, so that there are then greater 
chances of rainfall in the hilly regions of the hinterland than on the coast. During 
the summer, there is usually very little rain in Mekran proper, whereas the eastern 
portion of the coast, between Sonmiani and Karachi, is subject to the influence 
of the Indian monsoon. In certain years, an occasional cyclone may cause the 
monsoon to extend its sway westward up to Pasni and Gwadar, as happened, for 
instance, in 1930 and 1932, when heavy falls of about 6 inches of rain were recorded 
atPasni 

Observations ON LOCUST BREBBiNO ON “ REKS 

Given favourable conditions of rainfall, the solitary phase locust would appear 
to he able to breed both in spring and summer. Actually, breeding took place only 
thrice during the two years that these areas have been kept under observation. In 
April-May, 1931, locusts bred after good winter rainfall, and green hoppers were 
noted ; hut in July- August, 1931, there were no rains, and consequently no breeding. 
During the spring of 1932, there was total draught, and no breeding was observed, 
but in July, 1932, there was very heavy rainfall, and large numbers of green 
hoppers appeared. As a result of receipt of good winter precipitation in January- 
February, 1933, small numbers of green hoppers have already been observed. 

Actual observations made at the Pasni Field Station during the July- August 
breeding of 1932 have shown that locusts would begin to breed almost imme- 
diately after the receipt of a soaking rain, and that they would not confine them- 
selves to the rek areas alone, but would breed in any suitable place even though 
far removed from the coast. Green hoppers were actually noted during the 
summer of 1932 at Kandasole, Kappar, and Nokbur, places 5 to 20 miles distant 
from the coast.' Observations made in 1932 also indicate that adults of a new 
generation could emerge in about two months after egg-laying, and that if favour- 
able conditions of moisture and temperature persist, they would lay eggs without 
any period of diapause. It appears, therefore, not improbable that if satisfactory 
rainfall is received early in January during any year, and breeding is set on foot, 
second generation would be r^ady fpr oviposition by April ; a|id if conditions were 
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favourable for egg-lajing, hoppers of the black gregarious type might come into being 
iu May, and also, by June, fliers sufficiently numerous to begin a migratory flight. 

CoEBBBATION of BAINFALI, statistics and BOCCST BREEDING, 

The experience so far gained seems to show that there is a very intimate con- 
nection between rainfall and breeding in locust economy. Rainfall figures for 
Pasni and other places on the Mekran coast and Persian Gulf, for the years 1922 
to 1926, were therefore: collected with a view to find if they would afford some 
clues as to locust multiplication on the “ reks " during these years. Studying the 
figures (Table II), it is seen that in the winter rainfall period of 1921-22, there 
was heavy precipitation at Pasni in December 1921 (3'69 in.), but subsequent rain- 
fall was scanty. In 1922-23, on the other hand, there was fairly good rainfall in 
January, 1923, followed by light showers in February, March and April. Such rain- 
fall would appear to have been favourable for the production of the initial swarms 
by the end of March. Since there is mention of heavy rainfall on the 6th April in 
Dasht Niabat, and also a record of 0’95 inch of rain at Turbat in April, it might 
be presumed that locusts from the Pasni-Gwadar “ reks ” had migrated into the 
interior, and given rise to the infestation at Zarrain Bug and Hasadi in Dasht 
Niabat in April-May, 1923. 

Table 11 . 

Winter-rainfall data in inches for stations of the Persian Gulf and the Mehran coast 


1922-1926. 
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Table ll—contd. 


Years 

Months 

Pasni 

Turbat 

Ormara 

Sonmiani 

Jask 

Bushir© 

Muscat 

1924 '25 

Deo. 1924 

0-21 

0*44 


0*04 

4*18 

13*27 

0*73 


Jan. 1925 

1-99 

1*09 


^ • 

0*89 

2*14 

0*27 


Feb. „ 

M5 

0*07 


0*04 

. . 

. • 

0*19 


March „ 


• tt 


• • 

0*13 


0*19 


April „ 

.. 

•• 


•• 

.. 

•> 


1925-26 










Dec. 1925 

, , 

0*07 

, , 

• * 

• . 

. • ■■ 



Jan. 1926 

7*37 

7*83 

13*80 

0*16 

5*14 

2*81 

0*98 


Feb. „ 

0*21 

0*31 

. • 

. • 

0*43 

1*82 



March,, 

0*48 

1*84 

• * 

0*50 

0*72 

1*32 

0*34 


April „ 


•• 

•• 

♦ • 

0*08 


0*28 


la 1923-24, rainfall was very late and scanty, while in 1924-25, it was com- 
paratively better ; it commenced well, bnt stopped by tbe end of February. On 
the other hand, in 1925-26, the precipitation in 1926 Avas extraordinarily heavy, 
7'37 inches having been recorded in the course of 4 days. At the same time, there 
was similarly heavy rainfall all along the Mekran coast and even in the interior ; 
e.g., Panjgur: 3' 69 in.; Turbat: 7'84 in.; Ormara: 13'80 in.; and Jask: 6‘14in. 
There was some rain at Pasni even in Pebruary-March, while in the interior good 
rainfall occurred in March ; e.gr., Turbat: 1’84 in.; Panjgur: 1'38 in.; Mand:2‘71 
in.; and again in May: e.g., Turbat : 0‘49 in.; Panjgur : 0’62 in.; and Hand: 0‘81 in. 
Conditions appear, therefore, to have been favourable for breeding, not only on 
the coast but also in the hinterland. 

In regard to the general inhibitory action of winter temperatures on locust 
breeding, the following figures extracted from the Monthly Weather Report, for 
January 1926, of the Indian Meteorological Department, give the actual tempera- 
tures that prevailed at Pasni in January, 1926 : — 

Maximum temperature : Mean: 74*1°F. Minimum : Mean: 52*0®!^* 

Ditto Absolute: 80-7°F- Ditto Absolute: 47*7®F4 

The mean maximum of 74®F. and mean minimum of 52'^P. are not so low as to 
have precluded the possibility of locust breeding. Usually the winter on the Mek- 
ran coast is extremely mildj and the low temperatures up to sometimes record- 
ed are usually due to the influence of the cold ^ gorich^ wind that prevails at 
times. 

It may be noted that during the years 1922 to 1926 there was no summer 
rainfall of any consequence, and it looks as if there was no sipaiuer breeding m 
these years. 
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Conclusions. 

With the data at present available, it appears to the writer not unreasonable to 
review the probable sequence of events that had led to the formation of the initial 
swarms of the great infestation of the year 1926 in Sind as follows. The heavy 
rains of January 1926 had set the locusts breeding on the Pasni and Gwadar ' reks ", 
and the new brood of adult locusts had probably appeared by the end of March or 
early in April, The new generation had probably laid eggs again on the ^ reks ", or 
migrated to the interior of Kulanch, and given rise to the hoppers of the gregarious 
phase, and ultimately to the swarms of fliers noted in Kulanch in June- July* These 
swarms had presumably migrated eastwards, and amalgamating with similar swarms 
from Ormara side, passed on between June and August towards Kachhi, Lasbela, 
and Sind, and started the new cycle of infestation that commenced in September 
1926 in Sind. 

In case this presumption is correct, it would serve to indicate the immense im- 
portance of the research work in progress at the new Locust Research Station 
started at Pasni by the Imperial Council of Agricultural Research, with the object 
of making a thorough study of the ecology of the solitary phase of the desert 
locust on the Pasni reks. The experience that may be gained at Pasni in the 
course of the next two or three seasons may also serve to test the correctness of the 
premises taken for granted in this thesis. 

The Pasni region is important also on account of the fact that it forms part of 
a much larger area of the same type of locust breeding grounds extending along the 
coast of the Persian Mekran, and possibly also along the Persian and the Arabian 
shores of the Persian Gulf, and observations made at Pasni may be expected to indi- 
cate, at least to a certain extent, what is happening in the adjoining areas of 
Persia and Arabia in regard to the development of locust swarms. Such observa- 
tions may, therefore, possibly serve to give India warning of probable locust incur- 
sions sufficiently early to enable her to be prepared to meet locust outbreaks. 

Moreover, if future observations lend support to the view that locust outbreaks 
originate mainly, if not solely, from such ' rek " areas, it may be possible to nip the 
evil in the bud by poisoning the early broods on such breeding grounds, as was done 
by Johnston on the Red Sea coast in the spring of 1926, Since, however, such 
locust ^reserves" occur also in the adjoining Persian territory, and possibly also 
along the coasts of the Persian Gulf and the Red Sea, the great need of organising 
locust research, as well as control, on an international basis by the co-operation of 
neighbouring countries is clearly indicated. 
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A PBELIMINARY NOTE ON THE BEEEBING GEOUNDS OE 
THE DESERT LOCUST {SCHISTOGERCA GREGARM 
EORSK.) IN BALUCHISTAN. 

by 

K. K. KAEANDIKAE, BA., M.Sc., Ph.D.. F.E.S., 

Assistant Lomst Besmrch Entomologist, Locust Field Laboratory, PasnL 

(Beceived for publication on 4th May 1&33) 

(With Plate LXVII). 

The history of the recent outbreak of the desert locust in Baluchistan, studied 
with the help of the available official records from the Baluchistan Niabats, has 
shown that the locust has been present in Southern Baluchistan since 1923 and that 
its presence is intimately associated with certain sandy areas known as ‘^reks^V 
situated along the coast line [Eao, 1933]. Under the impression that the coastal 
area contained some of the breeding grounds of this locust in Baluchistan, the Im- 
perial Council of Agricultural Research opened a Locust Eesearch Field Laboratory 
at Pasni early in 1932, for the purpose of locating the breeding areas and studying 
the ecology of the desert locust. 

The survey of Southern Baluchistan has revealed the presence of two distinct 
types of habitats in respect of the desert locust. Along the coast line one comes 
across long stretches of sandy areas or reks (Plato LXVII) which are quite different 
from the river beds, valleys and mountains of the hinterland in respect of their 
geographical, physical, climatic, and biological features. 

Physko*cUmatic features of the hinterland. 

The interior of Southern Baluchistan is characterised by the presence of moun- 
tain ranges running east to west, somewhat parallel to the coast line and with a 
mean elevation of about 2,000 feet. They are formed of clay and sandstone cut by 
hill torrents, are absolutely bare of any vegetation and present a rugged and scorched 
appearance to the naked eye. Through the valleys in between run . small streams 
and rivers, mostly dried up — -the Dasht, the Shadi, the Hingol and the Pohr are the 
principal ones — -all opening into the Arabian Sea. The river beds and the valleys 
carry coarse gravel and alluvial deposits on their surface and possess at places a 
thick growth of Acacia araU<M, Tamaria> articuhtay Oapparis aphylh, Zizyphm 
Prosofis spicdgera, Nerium odorum and Nanorrhops ritohieana. The soil of the Kech 
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and Kolwa valleys is on the whole fertile and a good deal of agriculture is carried on 
there whenever possible. The annual rainfall is very poor and the general climatic 
conditions are characterised by very hot and dry summers and cold winters. 

Phy sico-Glimaiic features of the coastal reJcs. 

In contrast to the type of habitat described above, the coastal reks located 
round about Sonmiani, Kandewari, Dhak, Ormara, Gazdan, Pasni, Gwadar 
and Pishukan possess physical and bioclimatic features typical for themselves. The 
reks are discontinuous strips of land situated along the coast line, narrow at one 
place, wide at another. The surface of these tracts is nowhere plane, but is broken 
up into ups and downs or undulations, rising to a height of twenty to thirty feet 
above the sea level. The soil has an upper superficial layer of loose, bufi coloured 
sand, easily blown by the wind and thus exposing at places the underlying hard 
stratum of sandy rek formed by the mixture of sand and clay, the latter having a 
very low percentage. The vegetation of these reks is also characteristic. The tree 
and wood associations of the hinterland are replaced here by bush associations of a 
xerophytic nature. Heliotropium mmosissimum, Salsola sp., Lycium barbammy 
CrotaUria hurhia, Alhagi camelorum, Aeanthophyllum squarrosum, Aerua jamnica, 
Atriplex crassifoUa, etc., are some of the common xerophytic bushes found on the 
coastal reks. Grasses such as Pennisetum cenchroides, Eragrostis sp., Eleusine aris-^ 
tata, E. fiagellifera, Cyperus rotundus, etc., have also a luxuriant growth in the low- 
lying areas between the sandy elevations, but only after the rains. The rainfall 
on these reks, though on the whole poor, is found to be better than in the interior. 
The annual rainfall records of the last ten years for Pasni give the minimum of 1*38 
in. in 1922 and the maximum of 9*25-in. in 1926. During any year the rains are 
usually received in winter but summer rains though poor in quantity are not in- 
frequent, It should be mentioned here that years might roll on without the hinter- 
land receiving any rains at all, but along the coast line rarely has any year gone by 
without any winter or early spring or summer rains being received. This fact has a 
special importance in view of the close relation between the fall of rains and the 
biology of the desert locust. On account of the nearness of the sea and the blow- 
ing of the cool South-West wind, the general meteorological conditions on the coastal 
reks are much milder than in the interior of Baluchistan. 

The sandy nature of the soil which absorbs moisture quickly and retains it to an 
appreciable extent, the xerophytic nature of the vegetation with its rich water • 
content, the relative frequency of rainfall at least once a year and the generally 
moderate conditions of temperature and humidity— these are the principal f eatures of 
the coastal reks which consequently transformed them into a distinct type of habitat 
from the point of view of the desert locust. 
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Locust breeding on the mastal '' rehs ^'. 

As has already been poiEted out at the outset of this note, the official records on 
locust outbreaks show that the desert locust has planted itself in Southern Baluchis- 
tan, especially on the coastal reks, more or less permanently. Locust surveys 
made by the staff of the Locust Eesearch Department of the Imperial Council of Agri- 
cultural Research since 1931 pointed out that there has been an intimate connec- 
tion between the solitary phase of the desert locust and the habitat constituted by 
the coastal reks. Breeding of the solitary phase of the locust was observed on the 
reks in the spring of 1931 and since then life-history observations are in progress 
at Pasni under field conditions. It has also been observed that there is usually a 
close relation between rainfall and the breeding of the locust. The winter rains of 
1930-31 were followed by a fairly good breeding of the solitary phase on the coastal 
reks. Rains were not received in the winter of 1931-32 with the result that no 
breeding took place in the spring of 1932. There was heavy rainfall in July-August 
1932 and in its wake arose a new generation of the desert locust on ail the coastal 
reks. Early this year (1933) heavy rans were received in the third week of Febru- 
ary and in the first week of April. A new spring brood made its first appearance in 
March and breeding is still in progress in certain parts of the Pasni rek where there 
is yet (July 1933) enough moisture in the soil. These observations clearly indi- 
cate the intimate relationship between the receipt of rains and the breeding of the 
locust on the coastal reks. 

The phases of the desert The desert locust is believed to be represented 

by two types of forms or ‘ phases ^ distinguishable from one another by morphologi- 
cal and biological characteristics. 

The fundamental differences pointed out between the phase refer to the 
swarming nature of the ' gregarious phase ' and the isolated type of life led by the 
‘ solitary phase The question of the phases of the desert locust is stiU in its hy- 
pothetical stage and needs to be properly worked out in the light of experiments 
and observations. 

One fact, however, must be noted here, that two types of forms of the 
desert locust have been observed in Baluchistan, which, even if they could not be 
distinguished by morphological characters, could easily be separated from one 
another on the merit of colour variations and general behaviour. The forms met with 
in the interior of Baluchistan were nearly always of the gregarious type and were 
evidently the remnants of previous swarms. Those observed on the coastal reks 
have been invariably of the solitary phase. 


Of these phases, the ' solitary ^ form appears to be the persistent one, while the 
gregarious phase is only a periodical phenomenon, making its appearance during the 
period of the formation of the swarms by mass multiplication and the subsequenu 
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migratory flights, and disappearing after the disintegration of the swarming stage. In 
the light of this distinction, breeding areas of the desert locust exist of which some 
may be ' permanent ^ while others only ' temporary \ Limiting the range of locust 
investigation to Baluchistan, it may be observed that while the interior of Baluchis- 
tan can offer temporary breeding areas along its valleys and river beds for the gre- 
garious phase of the locust, during the period of its mass-multiplication and the 
subsequent invasion, the coastal reks, in consideration of their special physico- 
climatic features (detailed above), may easily form the most favourable tracts for the 
persistent presence and breeding of the solitary phase of the desert locust. 

Field observations on the life-history of the desert locust made during the sum- 
mer breeding of 1932 indicate that it takes about six to seven weeks to complete its 
cycle under favourable conditions. The number of generations produced by the 
solitary phase usually corresponds with the periods of rainy seasons. Granting that 
the latter follow each other in quick succession, there is every possibility of an in- 
crease in locust population suflGicient to cause a mass-multiplication and the subse- 
quent formation of a swarm. 

. Sandy reks of the type described in this paper appear to be present also in parts 

^ of Sind and Rajputana. It is also believed that similar reks may be existing along 

the coast line on either side of the Persian Gulf, 

In conclusion the writer wishes to acknowledge the help and encouragement he 
received from Mr. M. Afzal Husain, the then Locust Research Entomologist, 
LyaUpur, and Rao Sahib Y. Ramchandra Rao, the then Deputy Locust Research 
Entomologist, Quetta, in the course of the investigation of the ecology of the desert 
locust on the Mekran coast, during 1932, a preliminary account of which is sought 
to he given in this paper. 
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That ckolam {Sorghum, mlgare) under certain conditions of jf growth 
becomes highly poisonous for cattle, has been known for a long time past [Benson 
and Subba Rao, 1906]. In 1902, Peters, Slade and Avery of the Nebraska Agri- 
cultural Experiment Station, U. S. A., and Dunstan and Henry in England showed 
that the poisonous character of the plant was due to the elaboration in it of certain 
cyanogen compounds capable of decomposing and yielding the poisonous hydro- 
cyanic acid, when masticated and taken into the stomach. The latter authors, 
in fact [1902], isolated from samples of Artdropogon Sorghum (called dhurra), grown 
in Egypt, a cyanogenetic glucoside which they named dhurrin and which they 
considered to have the formula C 14 H 17 NO 7 of para-hydroxy-mandelic-nitiile 
glucoside. Similar cyanogenetic glucosides were later isolated from other 
poisonous plants, e.g., lotusin from Lotus arabiaus, gynacardin from Gynacardia 
odorflfto R. Br., l-mandelo-nitrile glucoside from Frurtm serotina, etc. [Robinson, 
1930]. A great deal of interest has been shown in recent years in the question 
of cyanogenesis in plants, especially with reference to grasses and fodder plants 
capable of causing poisoning among stock, and a surprisingly large number of 
plants have been found which contain the cyanophoric principle [Robinson, 1930 ; 
Einnemore ei aZ, 1928 ; Guerin, 1929, 1930; Seddon, 1930 ; Eosenthaler, 1929 ; 
Couch, 1932, etc.]. Robinson mentions 60 species of plants as producing cyano- 
genetic glucosides, especially the members of the Rosaceae, Leguminoceae. 
Graminaceae, Caprifoliaceae, etc. Eosenthaler [1929] gives a list of over 500 
plants belonging to the same cyanogenetic category. Various analyses of the 
prussic acid content in several of these sources have been reported and attempts 
have even been made to fix roughly the lower value of the prussic acid content 
at which samples become poisonous for stock. Couch [1932] in a recent publi- 
cation opines that plants containing 0-02 per cent, and above of potential 
prussic acid may cause the death of cattle and horses, if as little as 6 lbs. is 
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For estimatiBg the prussic acid content of plant tissues, the Association of 
OflGicial Agricultural Chemists [1930] recommend the grinding of the material to 
pass a 20-mesh sieve, macerating with water at room temperature for a period of 
two hours and then passing a current of steam to remove the liberated prussic 
acid, which is estimated by one of the following methods : — (a) by absorbing it in 
alkali and titrating against standard silver nitrate or ; (6) by absorbing it in a known 
volume of standard silver nitrate and titrating back the excess of silver nitrate 
with standard sulpho-cyanide ; or (c) by absorbing the prussic acid in alkali and 
estimating the cyanide colorimetrically as prussian blue. A preliminary comparison 
of the methods {a), (6) and (c) with pure cyanide solutions as well as with cholam 
extracts showed that the alkali titration method {a) was more suited for the 
routine analysis of a large number of samples than the other two, and, as it gave 
results which agreed with those obtained by the other methods, it was generally 
adopted in most of the experiments detailed below. 

' But the main analytical difficulty in work on cyanogen esis in plants lies notin 
the lack of a method for estimating accurately the prussic acid evolved, but rather in 
the absence of a satisfactory procedure for decomposing and obtaining the cyano- 
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eaten. Very few Indian data are available beyond Leather's early work [1906] 
regarding the prussic acid content of cholam, though this is largely used as 
cattle fodder throughout India, and several deaths of stock have been reported from 
time to time [Benson and Subba Eao, 1906 ; Mann, 1919]. 

But the analytical data reported by the difierent workers, especially those 
relative to lethal values, lose much of their significance on account of the widely 
differing methods of estimation of the cyanogenetic capacity of plant tissues 
adopted by difierent workers, which tend to give widely varying results. The 
difficulty primarily lies in the fact, which has been recognised by several workers 
[Warth, 1918, 1923 ; Charlton, 1922, 1926; Robinson, 1929, etc.], that the 
cyanophoric groups present in poisonous plants may not all be in simple glucosidal 
forms, but may also be present in several labile combinations, all of which may 
contribute to the sum total of hydrocyanic acid produced ; as such, methods which 
have not taken this fact into consideration will fail to estimate the total 
cyanogenetic capacity of plant tissues. 

In the present investigation, therefore, which aimed at following the changes 
occurring in the cyanogenetic capacity of the cholam plant, as influenced by the 
stage of growth and various environmental factors, a considerable amount of 
attention was first devoted to a satisfactory standardization of the analytical 
procedure. 


Examinatioh of methods. 
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phoric constituents completely in the form of prussic acid. For this purpose, various 
devices have been adopted by difierent workers. The A.O.A.C. [1930] recommend 
the maceration of the material with water for two hours and subsequent steaming, 
while Dunstan and Henry [1902] adopted maceration for 12 hours, and Brunnich 
[1903] for 20 hours. Warth [1918, 1923] and Charlton [1922, 1926] who devoted 
much attention to this question, tried auto-enzymic action, the addition of 
brewer's malt, the action of 10 per cent, sulphuric acid, etc. ; they found that none 
of the methods gave the highest value in each case or even concordant results. 
Eecently, Robinson [1929] has recommended a preliminary boiling of the material 
with water for 20 minutes, followed by the addition of emulsin and removal of 
prussic acid by aeration. 

A comparison of the various methods suggested in the literature showed that 
none of them gave satisfactory results with fresh cholam. The auto-enzyme 
method, as adopted by previous workers, is defective in as much as varying figures 
are obtained depending on the time of immersion in water, as shown by the figures 
in Table I. Higher values were obtained for 48 and 72 hours of immersion, as 
compared with 24^ hours; any period less than 24 hours, like the A.O.A. O's. 
two hours is obviously insufficient for the complete hydrolysis of the cyanogen 
compounds- 

Table I. 

Auto-enzyme method. 


s Milligrams of prussic acid liberated ftffcer 

(100 grms. cMam) 



Immediate 

. i 

24 his. 

48hrs. 

72 brs, 

(1) Held No. 77 

2*97 

4*86 

6*67 

11*75 

(2) Field Ko. 67 

1*08 

4*18 

5*94 

8*61 

(Z) Stunted plants 

4*19 

6*35 

8*91 

11*17 

(4) ^Normal plants 

nil ' 

1*09 

2*77 

2*38 


This indefiniteness of time necessary for complete hydrolysis was the chief 
difficulty met with. It was found that with fresh material, the. addition of 
emulsin or diastase had little effect, and Robinson's method, as applied to cholam, 
is seriously defective in that it recommends a preliminary boiling for 20 minutes, 
which treatment was found to transform a large portion of the cyanogenetic 
compounds into a form incapable of yielding prussic acid later, by treatment either 
with emulsin or with sulphuric acid. 








Tabm II, 


W (tier eaibtadt m^ioA. 


Mligrammes of prussic acid obtained from 250 o.c./2,000. 


Sample 


Immediate 3hrs. 6 hrs. 24:hrs. 481x18. 72 hrs. 


(I) MeldNo. 37 
f2) Meld No. 77 

(3) Meld No, 67 

(4) Meld No. 37 
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After several experiments, tlie writer devised the following modification of 
the auto-enzyme method, which he found to he quite satisfactory in respect of 
conoordance, higher value and certainty of completion of hydrolysis, definite- 
ness of value. The details of the method are as follows : — 

A weighed amount of the tissue {about 50-100 grms.) is cut into pieces, pound- 
ed well in an iron mortar, water added and the water extract pressed out 
into a 1,000. c.c. measuring flask through glass wool filter. The operation 
of pounding and extracting the juice is repeated, adding water each 
time, till the cold water extract comes to 1,000 c.c. The extracted 
residue is kept in a beaker and water is added enough to cover it. 
To the contents of the beaker as well as of the flask is added some 
as preservative. (In this connection it may be 
noted that contrary to BrunnicVs observation, chloroform did not 
inhibit auto-enzymic action in cJiolam). The auto-enzymic action 
generally reaches completion in about 24 hours. At the end of this 
period, 600 c.c. of the water extract and the residue in the beaker, 
are separately steamed. After 48 hours from the start, the remaining 
500 c.c. of the water extract are also steamed. It is usually found 
that the same value is obtained for the two halves of the water extract. 
If a higher value be obtained in the second case, it shows the non- 
completion of the enzymic action in 24 hours ; and so the higher value 
is taken. When this value is doubled and added to tbe value of the 
residue in the beaker, the total prussic acid content of the tissue is 
obtained." 

Table II shows that the enzymic hydrolysis according to the present method 
is complete in 48 hours, and Table III gives a comparison of the present method 
with Eohinson^s method and also the unmodified auto-enzyme method used by 
Warth, Brunnich and others. 
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Table III. 

Comparism of methods. 


Sample 

Mg. prussic acid corresponding to 100 grms. fresh 
eholam 


Bobinson’s 

methods 

Unmodified 

auto-enzyme 

method 

Author’s 

water- 

extract method 

(1) Second growtli cThdkm 

6*40 

12*16 

19-44, 

(2) plants 

nU 

nU 

2*70 

(3) Emaciated tMn plants 

1-49 

2*97 

8*37 

(4) Batoon crop 

6*94 

16v20 

22*96 

(5) Secondary shoots 

2*84 

6*54 

10*80 

(6) Stmited plants 

9 ’72 

18*77 

24*03 


Experimental. 

1. Belation between grote^ and prussic add content in eholam. 

The method, above outlined, was used in deten3aining the prussic acid content 
of eholam at various stages of growth. The sites of experiments were usually actual 
fields of eholam growing imder normal conditions, and the experiments were repeated 
over two seasons in a number of fields with Perimnmfcd eholam and through one sea- 
son in fields with ChUrai eholam. The results obtained with ChUrai dwdem 

in Field No, 66 are shown in Figs. 1 and 2 and are typical of the results obtained 
in the cases examined. Expressing the prussic acid content as a percentage of the 
dry matter, it was found that the percentage was high in the seedling stage (0-2 to 
0-3 per cent.) (Fig. 1). A fairly high proportion was maintained till the crop was 
about forty days old, after which along with the accelerated rate of vegetative 
growth, the prussic acid content rapidly fell down to 0*02 per cent, and even less. 
It is interesting to note that the total quantity of prussic acid present per plant 
shows a continued rise or accumulation in the plant Fig. (2), often amounting to 12 to 
16 mg. per plant, till.. the- flowering stage. After the fonpation of grain, however, 
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2. Distrihutim of prussic add among the tissues. 

Some experiments were performed to examine the concentration of the cyano- 
phoric principle in the different tissues of the eholam plant, viz. Leaves, stem and 
root. The figures given in Table IV are typical of the results arrived at. 


868 


XKDIAN JOUENAL Off AOBIOULTUSAL SOIESKOE 


[HI, y. 



Table IV. 

Distribution of prussic acid among the hmes, stem and root of ciolam. 


(Periamanjal choiam, stunted plants, jfj months^ average weight SO grams) 



Leaves 

Stem 

Boot 


grms. 

grms. 

grms. 

Fresil weight per plant 

20 

20 

6 

Dry weigh t per plant 

4-4 

2*3 

1*3 

Mg. prussic aoid per 100 grams of fresh matter 
Total prussic acid present per plant in the 

13*8 

4*9 

10*0 

leaves, stem or root 

2*77 

0*97 

0*63 


The figures show that the major portion of the cyanophoric compoitnds (about 
60 per cent.) is concentrated in the leaves, which are much more poisonous than the 
stem. Comparing equal quantities of the leaves, stem and root, on fresh weight 
basis, the cyanophoric compounds are in the ratio 3 : 1 : 7 ; and the total cyanogen 
compounds present in the leaves, stem and root tissues of a plant are in the ratio 
9 ; 3 ; 2. 

3. Changes in j)mssic acH content at different periods of the dag. 

An attempt was also made to trace the changes in the prussic acid content of a 
plant at different periods of the day. Eepresentative samples of plants were pulled 
out at different hours of the day, and to avoid individual variations, six plants were 
taken together for a single analysis, and three such repeat samples were taken at 
each period of examination. The average-results obtained are given in Table V, 

Table V. 



6 a. m. 
8 a. m. 
10 a. m, 
12 noon 
2 p. m. 
4 p. m. 
6p. m. 
6 a. m. 


Variation of prussic add content during day time {stunted plants). 


Time of day 


Mg. prussic acid per 
100 grms* (dry wt.) 


Mg. prussic acid per 
plant 


mg. 

mg. 

34*7 1 

2*7 

42*3 

3*4 

54*2 

3*8 

60*8 

4*1 

66*9 

4*4 

62*8 

4*2 

69-1 

4*0 

36*2 

2*9 


The figures show that the prussic acid content per plant is lowest in the morn* 
ings and increases to a maximum at about 2 p.m., after which there is a slow fall till 
6 p,m. followed by a rapid decrease in the night. The variation in prussic acid 
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L— Sho-wing (drought) stunted and luxuriously growing plants in Keld hlo. 77, the latter being fed with drainage \vater. 


Pig. 3. — l!7ormaI, emaciated and 
stunted plants. The normal plants 
were free from pnissic acid, the 
emaciated ones contained a little, 
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content shows a striking parallelism to the variation in photosynthetie aetivity and 
of protein metabolism in the plant, and lends support to the hypothesis that the 
formation of the cyanogenetic compounds is a normal part of the protein metabolism 
of the plant. 

4. Ej^eet of environmental conditions on the prussic add content of cholam. 

A field of Periamanjal cholam suffering from serious drought and highly stunted 
(Field No. 77), was taken up for examination, and its prussic acid content compared 
with that of cholam growing in an adjacent part of the same field, which had been 
supplied with drain water and had grown up luxuriantly (Hate LXVIII), The stunted 
planrs showed nearly 6 to 7 times the percentage of prussic acid present in the 
normal plants (Table VI). This effect of droughi) was examined in a number of 
other fields also, and in each case it was noticed that drought is one of the factors 
promoting the accumulation of prussic acid in cAoZam. 

Table VI. 


Comparison of normal and stunted plants. 


Sample 

(100 grms. dry matter) 

Mg, prussic acid 
liberated by 
normal plant 

Mg. prussic acid 
liberated by 
stunted plants 



Mg. 

Mg. 

(1) 

Keld No. 67 

0-68 

11*07 

(2) 

Bo. 

1*35 

10*39 

m 

Bo. 

0*67 

13*77 

W 

Field Ko. 77 

1*35 

8*36 

(6) 

Bo. 

2*83 

11*17 

(6) 

Bo. 

0*81 

10*40 

(7) 

Bo. 

0*27 

6*35 


Another factor is intensity of sunlight. Plants which had grown up rapidly in 
the shade had a much lower content of the poison than plants growing in direct sun- 
light. In both the cases (drought and sunlight), slow growth was associated with a 
higher amount of prussic acid, while rapid growth was associated with less. But 
that light is not a necessary condition for the elaboration of prussic acid in cholam 
was shown by growing cholam in pots in darkness, when the etiolated seedlings, a 
week old, showed about the same percentage of prussic acid as the control seedlings 
grown in light (Table VII). Also, insufiSicient water (drought) may increase the 
.amount of prussic acid, but cannot acpount fmr the whole of it present as shown by 
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the fact that seedlings even thougli grown with plenty of water and under opti- 

mran conditions, always contained prnssic acid (Plate LXIX). 


Table VII. 



Percentage 
prussic acid 
on dry matter 


Percentage 
prussic acid 
on dry matter 

Pmammjal cholam plants 

growing in snnlight, 40 days 
old,, contained , • . 

0-046 

Chitrai cholam seedlings 1 



week old, grown in light . 

0-289 

Periamanjal cholam plants, 
growing in the shade, 40 days 
old, contained . * . 

0-025 

Chitrai cholam seedlings 1 



week, old grown in darkness . 

0-338 


It would therefore seem that the elaboration of the cyanogen compounds in 
cholam, as one of the products of the nitrogen metabolism of the plant, is an inborn 
characteristic of the plant, which may be modified in quantity but cannot be sup- 
pressed by controlling the external conditions. That cyanogenesis in cholam is, in 
fact, a genetic character, seems probable from an interesting experiment carried out 
by Moodie and Eamsay [1929], who crossed Sudan Grass, a non-poisonous plant, as 
the female parent, against as the male parent, and found that 

the offspring, which had all the appearance of the Sudan Grass, contained prussic 
acid and was highly poisonous to cattle. Eecent literature shows that an increasing 
number of species of plants [Einnemore, 1028, 1932 ; Eobinson, 1930 ; Guerin, 1929, 
1930 ; Eosenthaler, 1929 ; Heilbronn, 1929 ; Eloriani 1929 ; Eamsay and Henry, 1929; 
Hagen, 1930 ; Mirande, 1932 ; Seddon, 1930 ; Couch, 1932, etc.] have been found to be 
capable of elaborating cyanogen compounds, which indicates that such elaboration 
of cyanogen compounds may not be a special characteristic of particular groups of 
plants, but might be a common feature of all nitrogen metabolism in plants, the 
cyanogen compounds playing the necessary intermediary role in the synthesis of 
proteins,' according to the theory advanced by Treub [1896 ; cf. also Eobinson, 1929, 
Menaul, 1921, and Stekelenburg, 1931]. 

5. Ratoon crops. 

It is the general experience of farmers that ratoons and secondary shoots 
are much more poisonous than the first crop. This is to be expected since the 
ratoons generally grow during a period of hot weather and represent new growth of 
a stunted nature. By an actual examination of the ratoons growing in a dozen fields 


PLATE LXIX. 



Fig, 3. — Transverse section of the stem of a stunted Fig. 4. —Transverse section of the stem of a normal 
plant. (Xote the abundance of starch grains.) plant. (Note the abundance of starch.) 
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at different stages of growtli and in different seasonsj it was found that the ratoons 
contained a much higher percentage of prussic acid than normal first growth of the 
same height and age (ratoons 16-'20 cm; high showed a prussic acid content of 0*15 
to 0*2 per cent, on dry matter). The shorter the ratoon, the greater is the percen- 
tage of the poison ; as the ratoon grows longer, the percentage falls down, hut at 
each stage, the amount of prussic acid present in a ratoon is much higher than that 
in a normal plant. The concentration of poison in a particular field of ratoon is no 
doubt dependent on several factors like humidity, temperature, fertility of the soil, 
the vigour of the first crop, etc. The more vigorous the first crop and the more 
sugar and starch it had accumulated in the stubble, the greater is the elaboration 
of the poison in the second growth. 

An interesting case that came under experiment was b, cio’p oi Periaimnjal 
cholam grown in Meld No. 77, which, owing to the supply of drain water, had 
recaived such an abundance of food that after the main earhead had ripened, 
several fresh shoots began to grow from the various nodes, and some of these also 
began to grow ear. These side shoots can be termed secondary shoots in contra- 
distinction to '' second growth '" from the stubble, after the crop is cut. An ex- 
ample of such tillered growth (secondary shoots) is shown in Plate LXIX. It was 
found on analysis that the main stem was free from starch and almost free from 
prussic acid, while the secondary shoots were rich in both (0*099 per cent, as against 
0*002 per cent, in the main stem). 

6, Effect of after-treatment on the amount of prussic acid in cholam. 

Where cholam is grown for grain, it is usual to grow it close at the beginning 
and later, after about a month, to thin out. At present, such thinnings are generally 
discarded for fodder on account of their high content of prussie acid, and are generally 
thrown into the pit or heap for the preparation of manure. But the thinnings, 
about 30 or 40 days old, are very rich in mineral nutrients and proteins, and form a 
valuable concentrate of high feeding value, especially in our country where most 
fodder is poor in the necessary mineral constituents. As such, an attempt was made 
to see whether by any simple means in the nature of an after treatment, it was 
possible to decrease the prussic acid content of these thinnings to within safe limits 
which could warrant their use as fodder. Some of the treatments tried were (a) 
drying in the shade ; (&) drying in the sun ; (c) drying in the oven at 100^ 0. ; (d) 
treatment with dilute sulphuric acid for a few minutes, and (e) silaging. The data 
obtained (Table VIII) show — 

(a) Drying in the shade had little effect on the amount of prussic acid generat- 
ed. The enzyme which brings about the hydrolysis of the cyanogen compounds with 
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tte productioE of free prussic acid was still active and prodiiced amounts of prussic 
acid wMch were only slightly below those obtained from the fresh plants. 


Table VIII. 

Effect of after-Preatment 



Quadruplicate samples 

Percentage prussic acid on dry matter 


I 

II 

III 

IV 

(l) 1 
( 

' Ho treatment . . , . 

0*096 

0-102 

0-082 

0-114 

, After drying in shade . . * 

" Ho treatment , . . • . 

0*082 

0-115 

0*091 

0-098 

0-064 

0-076 

0*092 

0-106 

(2) j 

, 

1. After drying in sun . . . . . 

'Ho treatment . • . . 

0-078 

0-078 

0-082 

0-104 

0-046 

0-112 

0-061 

0-101 

{3) 

[ After heating at 100° 0. 
r Ho treatment . , , . . 

0-008 

0-056 

0-010 

0-095 

0-006 

0-124 

0-011 

0-116 

(4) 

(After application of 10 per cent, sulphuric acid 
r Ho treatment • . . . 

nil 

0-104 

nil 

0-112 

nil 

0-096 

nil 

0-106 

(S) 

1 After silaging . ♦ . 

0-004 

0-005 

0*002 

0-007 


(&) Drying in the sun was distinctly better. Even now, the enzyme was not 
completely destroyed, as shown by the fact that tissues kept in water for intervals 
of 4:, 12, 24 and 48 hours, showed progressively increasing liberation of prussic acid. 
But the total amount liberated was much less, in several cases less than half the 
amount liberated in the fresh stuff . Still a good amount was left behind and the 
question whether what is left behind is still poisonous for cattle or not, can only be 
settled by actual feeding trials. In this connection it may be noted that Leather 
[1906] found that on sun drying the fodder did not decrease the amount of oyano- 
genetic glucoside in it. He observes On this point, there is no doubt. 
Brunnich made a series of comparative experiments to test it, and in the Labora- 
tory of the Government of India, we have found similarly that the glucoside is not 
changed by this process/' 

(c) In contra-distinction to treatments (a) and (6), it was found that heating 
the tissues for several hours at 1O0°O., almosr completely removed the cyanogenetic 
compounds. Only inappreciable amounts of prussic acid were liberated, even 
■though the fresh tissues were highly poisonous. But, obviously, this treatment is 
not economically feasible on the large scale and is of merely theoretical interest as 
showing the destructive action of heat at this temperature on the poison and the 
euzyme. 
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(d) Treatment with dilute sulphuric acid (10 per cent,) was found to be very I 

successful in destroying the whole of the prussic acid, and in leaving behind a residue 
free from poison. It was noteworthy that during the treatment with acid and on 
subsequent distillation with steam, no prussic acid was liberated, showing that the ; 

10 per cent, sulphuric acid acting on the cyanogenetic compounds converts them 
into a form incapable of liberating prussic acid. The non-liberation of prussic acid 
was not due to the hydrolysing action of sulphuric acid on prussic acid after its 
liberation from the tissues, as shown by the fact that quantities of prussic acid 
from 0’6 mg. to 10*0 mg. added to the tissues in the form of prussic acid, were 
recovered quantitatively in presence of 10 per cent, sulphuric acid. Even 6 per cent, 
sulphuric acid was found to behave as 10 per cent, sulphuric acid, in its destroy- 
ing action on the cyanophoric principle. This destructive action of sulphuric acid 
(dilute) is noteworthy and is apparently contradictory to the current ideas, based 
uponDunstan and Henry's original experiments [1902j, that the cyanogen com- 
pounds in cholam are present in the form of the glucoside '' dhurrin which is 
hydrolysed by acids or emulsion, yielding prussic acid. The action of acids, in the I 

present investigation, in destroying the cyanophoric principle, appears to be almost 
instantaneous and might probably be due to the effect of a change in pH, whereby 
the poisonous principle is rendered inocuous. It is suggested that pH might serve 
a similar controlling influence in the living plant in converting the intermediary 
cyanophoric bodies into other harmless products. As regards the application of the 
acid method on the large scale, it is worth examining whether the sprinkling of 
some suitable acid, 6 . 5 ^. acetic or hydrochloric over a mass of poisonous and 

keeping for some time, with frequent stirring of the mass, will destroy the poisonous 
element. 

(e) But the most promising solution of the cyanogen question from the fodder 
point of view, seems to lie in the method of silaging " it. The effect of silaging, 
on the prussic acid content of cholam was examined in two seasons in 1930 and 
1931, with samples of about 1,600 lbs. of Periamanjal and Chitrai cholam varieties, 
which were silaged in pits in the ground 3 ft. X 3 ft, X 3 ft. The samples taken for 
silaging were what are usually considered to be dangerous stuff, viz,, second growth 
crop (ratoon) and thinnings, containing well over 0*1 per cent, of prussic acid on 
dry matter. It was found that silaging for 2 to 3 months, removed nearly the 
whole of the poisonous element, decreasing the prussic acid content to about 0*005 
per cent. This decrease is attributed to the effect of increased acidity in silaging, 
similar to the action of 6 or 10 per cent, sulphuric acid, but a part of the effect 
may also be due to enzymic action. 


The silages in all cases were fed in bulk to cattle at the rate of 30 to 40 lbs, 
daily, were relished by them and caused no disorder or trouble. Thus, silaging the 
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oAoZam thmnings or second growth or stunted plants fora period of two to three 
months, can safely be recominended as an effective method for the destruction of 
the poisonous element in these plants, and for their utilization as a concentrated 
feeding stuff, low in fibre and rich in nitrogen and mineral nutrients. 

7 » Olassifimtio7% of the cyanogen compounds in 

It has been noted above that when poisonous cftoZam, rich in cyanogen com- 
pounds, is subjected to differing treatments, the amount of prussic acid liberated 
varies greatly, showing that the cyanophoric groups may be present in a mixture of 
different types of combinations. During the course of experiments carried out to 
test this point, it was noted that: — (1) Immediate steaming, without allowing 
time for auto-enzymic action, liberated only* a fraction of the total prussic acid, 
leaving a residue from which no further prussic acid could be obtained by acid or 
enzyme treatment, while (2) auio-enzymic hydrolysis in presence of water, gave a 
much higher yield of prussic acid, and (3) addition of dilute sulphuric acid to fresh 
cholam tissue, destroyed the cyanophoric group completely and no prussic acid was 
evolved ; (4) but, if auto-enzymic action be allowed to take place for some hours and 
then dilute sulphuric acid is added and steam-distilled, an amount of prussic acid 
is obtained corresponding to the degree of auto-enzymic hydrolysis that had taken 
place. 

In this connection may be mentioned the work of Warth [1918, 1923] and 
Charlton [1922, 1926] on Burma Beans, who after a laborious volume of work found 
that the cyanogen compounds appeared to exist in several different forms and 
combinations, among which they distinguished between (a) auto-enzyme prussic 
acid, (&) glucosidal prussic acid, and (c) total prussic acid, which contained other 
combinations in addition to the above two forms. 

JProm a large number of experiments performed on widely differing samples of 
cholam, like thinnings, stunted plants, second growth, secondary shoots, etc., and a 
comparison of the yield of prussic acid obtained by different treatments, it was 
found that the cyanogen compounds present in cMam tissues could be classed 
under the following two heads : — 

(a) Labile cyanogen compounds, which are decomposed by steaming at lOO^C,, 
with or without adding water, with or without cutting the tissue to pieces. The 
decomposition can also be brought about by the enzymes present in the tissue. 
It is found that a very large proportion (60 to 75 per cent.) of the cyanogenetic 
compounds present in young seedlings, belongs to thi^ class and is liberated by 
steaming. That such production of prussic acid on steaming was not due to the 
effect of cutting the tissue to pieces and the consequent liberation of the enzyme 
and its rapid decomposing action on the glucoside, before steaming could destroy 
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the enzyme, was shown by the fact that when steam was passed through the whole 
uncut seedlings (15-20 days old), the same amount of prussic acid was liberated as 
when the tissues were previously cut. That the effect was not due to the degree 
of moisture content, was shown by the fact that when more water was added to 
the tissues before steaming, the same or slightly smaller amount of prussic acid was 
liberated, leaving behind the same residual fraction unacted upon by this treatment 
(25 to 30 per cent.). 

This liberation of free prussic acid from fresh cholam seedlings by simple 
steaming, contradicts Dunstan and Henry's failure to obtain such free prussic 
acid by steaming of Sorghum (Dhurra) tissues. On the basis of their failure 
to obtain such liberation of free prussic acid, they controvert Grreshoff and 
Treub’s view (quoted by them) that in many tropical plants, prussic acid occurs 
as such in the free state. But numerous repetitions of the writer's experiments 
have always shown that when fresh, young cholam is steamed, an amount of 
prussic acid is liberated, whose quantity depends on the poisonous nature 
of the plant; The writer, however, cannot agree with Greshoff and Treub that 
prussic acid is present in the ‘' free state ", for the reason that when 10 per 
cent, sulphuric acid is added to such poisonous plant tissues containing a large 
amount of the so-called “free prussic acid", not even a trace of prussic acidis 
obtained on steaming. It has been already shown that 10 per cent, sulphuric 
acid has no appreciable hydrolysing action on “ free prussic acid " and that quanti- 
ties of 0*5 to 10*0 mg. of prussic acid added to the tissues in the form of potassium 
cyanide before the addition of sulphuric acid, yielded quantitative recoveries of prus- 
sic acid added. “ Labile prussic acid " therefore is not “ free prussic acid", but 
is probably some unstable cyanogen compound, which easily gives up prussic acid on 
steaming, but is converted into non-cyanogenetic forms on the addition of acid. The 
proportion of labile prussic acid to total prussic acid is greatest in the seecDing 
stage, becomes lower with growth, reaches a minimum (almost zero) at the time of 
flowering and then tends to rise again. 

(b) The proportion of prussic acid other than labile prussic acid, we can 
conveniently denominate as “bound prussic acid". This is hydrolysed by the 
enzymes present in the plant itself , yielding prussic acid. The action of heat (lOO^C.) 
on the “ bound prussic acid is different from that ou the labile prussic acid. Heat 
( 100 ^ 0 .) destroys the “ bound prussic acid " once for all, without any liberation of 
prussic acid. It undergoes some transformation, whereby it is rendered incapable 
of generating prussic acid subsequently either by enzymic (emulsin) or acid hydro- 
lysis, The effect of acid, however, is similar in the two cases. Ten per cent, 
sulphuric acid destroys the “bound prussic acid "as well as the “labile prussic 
acid". In air-dried tissue, where diastase is not very vigorous, the addition of 
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diastase to the tissue increases the total amount of prussic acid liberated, and this 
increase seems to come mainly from the “ hound prussic acid” fraction. 

After a piece of poisonous ci^oto tissue has heenkeptinwaterforanhour 
or two. there are, therefore, at least three forms of combination in which prussic 

acid is present : — . . , i , -i 

(1) “ Free prussic acid ”, formed by enzymic hydrolysis of labile prussic 

acid” and “bound prussic acid” after the tissue is cutand keptin water for 
some time. It is not destroyed (but is recovered quantitatively) on adding 10 per 
cent, sulphuric acid and steaming. 

(2) “Labile prussic acid”, present in poisonous cholam to a. large extent. 
Decomposed and liberated from tissues by simple steaming. Destroyed by 10 
per cent, sulphuric acid. 

(3) Bound pxtissic acid^^ calculated by subtracting (1) and (2) from total 
prussic acid ” content of the plant tissue, as found by the writer’s “ water extract ” 
method. Not evolved on heating, but destroyed; liberated by auto-enzymic 

action; in dry tissues, the liberation is hastened by adding diastase; destroyed by 

adding 10 pet cent, sulphuric acid. 


8. 8imfh test for pmonous ckolwi. 

The writer has, throughout the present work, found a close relationship between 
the acoiunulation of starch and that of prussic acid in poisonous choUm, for which no 
satisfactory explanation has yet been found. All plants rich in prussic acid like young 
cMam seedlings, plants stunted due to drought, second growth choUm (ratoon) 
and secondary shoots (referred to on p. 861), are also rich in starch in their stem, 
while the normal plant, after the seedling stage, is almost free from starch in the 
stem. This diSereuce can therefore be utilized to distinguish between poisonous 
and non-poisonous plants in a simple way. 

The test is carried out by cutting a transverse section of the stem, near the 

bottom node, staining with iodine and examining under the nhcroscope. Plants 
highly poisonous, are stained blue or black to the naked eye, and a^microscope is 
unnecessary. Such plants generally contain above O’l per cent, prussic acid on the 
dry matter. The writer has found this relationship between starch and prussic acid 
to apply even at different growth periods of the same plant. In the early seedling 
stage, there is starch present in the stem, it decreases rapidly with vegetative growth 
andis almost absent at the flowering stage. After seed-maturity, however, starch 
again makes its appeamnce in the stem. It has been already noted (page 865) how a 
variation also takes place in the amount of prussic acid present in the plant. 

.13ii8>is a eariouB relationship and can be explained either by supposingthat the 
cyanogen compounds asfr comd)ined;With;the starch, loosely in the “ labile prussfc 
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aoW and more firmly in the ‘' bound prussic acid^’V or that tbe presence and 
accumulation of starch and prussic acid in tbe plant are both guided by the same 
confeolling influence in the biochemical processes of the plant's life. The matter 
awaits further elucidation, but as it is, it; can be used by the farmer as a simple and 
valuable test for finding out whether a particular field is poisonous to his cattle 
or not. He pulls up a few representative plants, takes transverse sections near the 
bottom node (thick sections will do), and applies a little iodine solution and observes 
the slide against a white background with the naked eye. If the solution is 
coloured black or blue, the plants are dangerous and contain over 0*1 per cent, of 
prussic acid on the dry matter. If there be no apparent staining, the slide may 
be observed under the microscope. If there be a good many starch grains visible, 
stained blue or black, gathered especially round the xylem vessels, the plants contain 
prussic acid, but not to a dangerous extent (below O’l per cent.) ; whereas, if the 
section is fairly clear, the cattle can be fed on the field without any fear. After 
a few hours' practice, any farmer can learn to do the above testing for himself. 

SUMMAKY. 

(1) A satisfactory method is described for the estimation of the cyanophoric 
content of poisonous cholam {Sorghum mlgare). 

(2) The prussic acid content of a normal crop of cholam decreases from the 
early stages (0*2 to 0*3 per cent.) progressively, till the flowering stage, at which 
it can be considered harmless. 

(E) The leaves contain about 60 per cent, of the total cyanogen compounds 
present in the plant, and contain a higher percentage on the dry matter than the 
stem orroot. 

(4) The total prussic acid content of a plant and the percentage on the dry 
matter, are lowest in the morning, then increase up to about 2 p.m., after which 
they show a slight decline till 6 p.m., followed by a rapid decline in the night. 

(5) Young cholam seedlings less than 40 days old, plants stunted due to 
drought, second growth or ratoons, and secondary shoots, are found to have the 
highest content of prussic acid (0*1 to 0*2 per cent.) on dry matter. Seedlings 
grown in darkness showed as high a percentage of prussic acid as. those grown in 
sunlight. 

(6) Drying in the shade had little effect in decreasing prussic acid content 
(decrease only about 10 per cent.). Drying in the sun, showed only partial decrease 
(30 to 40 per cent.). Heating the tissues to 100^ C,, and maintaining at that tem- 
perature for some hours destroyed the poisonous principle. Immersing poisonous 
eholcm toT a short time in 10 per cent, sulpuric acid was found to effectively destroy 
the cyanophoric group. 
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(7) Oae of the best methods for rendering poisonous cMgwi innocuous for 
feeding purposes, is to silage it. Silages prepared from cholam thinnings (seed- 
lings), and second growth (ratoons), originally rich in prussic acid (0*1 to 0*2 per 
cent.), gave only a trace of the poison, after two months silaging ; it is suggested 
that such silaged thinnings and second growth may form a valuable feeding stuff, 
low in fibre and rich in protein and mineral nutrients. 

(8) There is evidence to show that the cyanophoric group present in cWam 
may not be wholly in the glucosidal form, but may also be present in less stable 
combinations, and an attempt has been made to classify the different groups. 

(9) A simple iodine test has been given for differentiating between poisonous 
and non-poisonous cholam, based on the accumulation of starch in the stem of 
poisonous plants. 
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EFFECT OF MOSAIC ON THE TONNAGE AND THE JUICE OF 
SUGARCANE IN PUSA, PART III. 
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Imjperial Myedogist, 
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L. S. SUBRAMANIAM., 

to the Imperial Mycologist^ Imperial Institute oj Agricultural Resmrchy Pusa, 
(Received for publication on 1st July 1933) 

In continuation of the last two seasons' experinaents [McRae ; 1931, 1932] 
thirty-six plots each 5x66 yards were laid down in adjacent pairs in the order 
mosaic-free, mosaic-infected, mosaic-infected, mosaic-free and so on. Planting was 
done on the 17th February 1932 and the area was good, light land suitable for 
growing sugarcane. For the mosaic-infected plots sets were cut from canes whose 
leaves had the mosaic markings at the time of planting while for the mosaic-free 
plots sets were cut from canes that from frequent observations during the growing 
season were known to be entirely free from mosaic disease. 

During the season 1932-33 a small amount of infection spread to the mosaic- 
free plots and seven clumps altogether were found to have the disease in six plots. 
Thus the mosaic-free plots remained substantially free from mosaic disease through- 
out the season. This small amount of spread during the season agreed with the 
result got in another plot where 34 varieties of mosaic-free cane were grown in 
alternate rows 33 yards long with mosaic-infected Co, 213 canes and only 10 varie- 
ties became infected. Saretha had seventeen, Ghunee three, Co. 210 fifteen, Co. 
213 eight, Co. 304 twenty, Co. 312 one, Co. 313 forty-five, Co. 327 one, Co. 332 one 
and Co. 337 two clumps that showed the characteristic mottling on the leaves. 

On the 29th March, 14th April and 5th May 1932 the number of shoots was 
^ counted and the percentages calculated on the number of buds on the sets planted 
taldng three buds to a sot. The percentage germination after six, eight and eleven 
weeks is as follows 
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Table I. 

Percentage germimtion. 
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29 th March 1932 


F represents mosaio-free and M mosaio-infected cane. 

Betweea the last two counts the plot had to he irrigated with water in which 
a little crude oil emulsion was mixed in order to reduce the attack of termites so 
that it is likely that the total germination was higher in May than it would nor- 
mally have been, had the field been unirrigated. On the whole the germination was 
very good and the difference in the means for the two series had no statistical sig- 
nificance. 

One of the limiting factors in carrying out this experiment is the presence of 
insects that destroy the cane. The following notes give a record of the main facts 
and show that on the whole the attack of insects was evenly distributed over the 
plots. 

In the hot weather from the middle of April to the end of June the cane was 
attacked by the shoot looveT Sdrpophaga nweHa. The bored shoots were removed 
and the percentages are shown in Table II. 

Table II. 

Pereentage of borer oMaok in May and June. 
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the others bad 10'6 per cent. The difference is not statistically significant, 
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During the five months from April to August egg-masses oi Scirfophaga 
mnetZa and Pyrilla species were collected regularly and the nnmheTs aie given in 
Table III. 

Table III. 


Egg-masses collected from May to August. 
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The top shoot borer apparently ceased to lay eggs on the advent of the r aina 
in early July. After the 22nd of August no further attempt was made to collect 
egg-masses of Pyrilla because the canes were rather tall. Three species of Pyrilla 
have been recorded on sugarcane at Pusa, P. aherrans Kby., P. jmana Dist., 
P. p&tpusiUa WIk., but no attempt was made to distinguish to which of them 
the various egg-masses belonged. 

In neither case is the difierence in the means between the two series of plots 
statistically significant. 

; During the months of August and September termites attacked the canes in 
■greater numbers than usual at this time of year o-wing to the scanty rainfall. The 
attacked plants were removed and a dilute mixture of crude oil emulsion was 
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ii{ii)Ued td the soil at tie were takeii. THe following 

table gires the iitiinbet of clamps reJhdVed ftoth 

Table IT. ' 
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10 

11 

14 

15 

18 

19 

22 

23 

26 

27 ■ 

30 

3i 34 

35 

E 

106 

66 

99 

71 

49 

104 

62 

80 

103 

41 

49 

45 

58 

77 

62 

80 97 

62 

■M 

m 

1 

70 

104 

71 

63 

141 

81 

70 

80 

73 

61 

60 

63 

75 

87 

62 110 

68 


The difference of the means of the mosaic-free and mosaic plots is not statis- 
tically significant. 

No damage was done by cane diseases caused by fungi as there were no 
stem diseases and the leaves Weid teffi^fkably fr^e ftoffi Mpots and there was none 
caused by animals, the field being surrounded BT a f^M^, ptOdf against jaokals, 
pigs and porctipines. At hatvest tirho the plots wore examined under the direction 
of the Imperial Entomologist, and Table V gives the percentage of insdet infection. 
Only the first, third and fifth rows in each plot were exainined. Thd perctetage 
was Calculated on the number of canes. 

Table V. 


Stem 1 Boot 


Termites 


Termites 


n 10 1 
12 11 
13 14 

16 15 

17 18 

20 19 

21 22 

24 23 

25 26 

28 27 

29 30 

32 31 

33 34 

36 35 
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moaa 


125 131 110 170 111 110 113 105 100 126 111 
101 102 137 116 141 167 142 91 135 75 104 


The difference between the means of the two series is not statistically signi- 
ficant. The total length of the gaps is nearly 16 per cent, of the total length of 
the rows. If it be assumed that, had there been living canes in the gaps, the 
weight of such cane in each plot would have been proportional to the weight of 
cane in the rest of the plot, then the weight of the actual cane in each plot 
represents 85 per cent, of the potential weight. The difference between the actual 
and the potential weights would be eight maunds per plot or at the rate of 160 
maunds per acre. This may be taken roughly as a measure of the loss due to the 
gaps which are caused chiefly by termites, much less by root borer and to a very 
small extent by other causes. 

Samples of cane were taken for analysis just before harvest from the 20th 
to the 26th January when the cane was considered to be ripe. The sample from 
each plot consisted of 5 yards of cane taken at random from each of the five rows 
the cane was crushed in the small, bullock-driven, three-roller iron mill, 
analysis of juice was furnished by the Chemical Section and the details 


Table VL 


Gaps in the rows the time of harvest 


The top shoot borer is nivelh Fabr., the stem borers are Argyria 

Hmpsn., Diatrm venosata Swinh., and SwM^^^ 

moi} hotel IB Emmalocem depresselh 

The mean difference in each case is small and has no statistical significance, 
so that whatever loss was caused by these insects was so evenly distributed that 
it did not have any effect on the difference of the mean tonnage of the plots. The 
bored shoots were not weighed separately as such a task was beyond the powers 
of the staff while harvesting. 

At harvest gaps of three feet or more in the rows of cane were measured and 
the following table gives in feet the sum of the lengths of all the gaps in each 
plot. 










Table ¥11. 

Samples taken from 20tk. to 25th January 1933. 
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At the time oi harvest between 26th January and 3rd February, 1933, three yards 
of cane from the ends of the rows and five rows of cane from the two extreme sides 
Were removed to eliminate edge efiect. Thus there were left in each plot five rows of 
cane in an area of 5 yards by 60 yards. Before harvesting the cane it was noticed 
that the stand of cane at the extreme ends of the block was much thinner than in the 
rest of the block. Termites in the latter part of the growing season had been more 
Active there. A row of low trees had been cut out in the previous season along the 
roads a few yards from the sides of the block, and experience in Pusa has shown 
that termites are liable to be more numerous till the roots decay and it was con- 
sidered that the two end plots, both mosaic-free, did not show the relative difierence 
in yield between their corresponding mosaic plots that might be due to the presence 
of the disease. It was considered that the unequal damage caused by white ants, 
that had destroyed the cane, was likely to mask the difference due to disease. It was 
accordingly decided that leaving the two end pairs of plots out of account would 
provide a set of 16 pairs that would be a truer representation of the facts. Thus 15 
tows of cane were cut off from the two ends of the block. 

The weight of canes in all the plots was recorded in pounds avoirdupois on a 
new machine but each has been calculated into maunds to have the record compar- 
able with those of the two previous reports on this subject. The weights in maunds 
of stripped cane from the 32 plots are as follows, one maund being equal to 82-28 
lbs. avoirdupois. 

Table VI1I» 

Weight in maunds of stripped cane. 

S' I M F M 




. ' ' ' ; I' t'l 

* , «)*> V ^ i- 


'it 

' ; I j 
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Tlie calculated weight of stripped cane per acre^, 890 mauuds, is considerably 
above the average yield of fields on the farm but still many single acres on the farm 
gave a higher yield than this. Compared with the cane-growing area of the farm, 
the land on which the experiment was conducted is considered to be only fairly good 
and as the cultural and manurial treatment was the same, it is likely that the good 
yield is due to the partial protection from the depredation of insects given in renaov- 
ing bored shoots and egg-masses and in the attempt to keep down termites as well as 
the protection from the usual damage caused by jackals, pigs and porcupines. 
These operations were carried out by coolie boys under the supervision of an active 
fieldman and, except perhaps against termites, both as regards personnel and cost they 
are within the compass of any cane grower. Otherwise the conditions are typical of 
much of the cane-growing land in North Bihar. 

The weight of cane in each row was taken and the differences calculated leaving 
only one row, then two rows and then three rows in each plot for possible edge effect 
hut the results were the same as for the five rows. There was no statistical signifi- 
cance in the differences between the means. By Fisher's test also there was no sta- 
tistical significance in the differences in the mean yields. Th® coeffiGient of variabi- 
lity was low, being 8*7 in the mosaic-free plots and 9*8 in the mosaic plots. 

The figures to determine the statistical significance of the difference in yield 
between the two series of sixteen pairs of plots are summarised below 


Table IX. 
Statistical consilsnts. 


Co. 213 

Mean difierenoe 

Standard 

deviation 

Mean diiference 
Standard de- 
viation 

Odds 

Oane , , . , 

'23 

2*8 

-OS 

0 

Juice . . , . 

11'5 

38 

•3 

6; 1 

Percentage of juice to cane 

2*47 

3*64 

*67 

77; 1 

Calculated juice per plot . 

1*3 

2*6 

'6 

27: 1 

Brix . . 

*034 

i '61 

•06 

0 

Sucrose » , . . 

•08 

1 : *84 : 

'1 

2:1 

Glucose . , , 

*07 

1 ■ *12 

.58 

36: 1 

Purity , 

•31 

2*1 

•16 

2:1 


Thus the difference in the percentage of juice to cane, the calculated juice to 
cane, and the glucose are alone statistically significant. This year then in the mosaic 
plots there was no loss in the weight of stripped cane and the quality of the juice 
had not deteriorated, indeed there was glucose. However, 4 psr cent, 

less juice was extracted from the cane in the mosaic plots. 


Intensity of infection in North Bihar ~In 3uiy l9B2 an attempt was made to 
get a better appreciation of the intensity of mosaic infection in the cane of North 
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Biliar. Tlie Deputy Director of Agriculture, North Bihar Kaiige, cO-operated in the 
eurvey by allowing three overseers of his stall to work with three fieldmen of the 
Mycological Section at Pusa and by planning the details of the tour. Their method 
of sampling was to take narrow strips through various fields in each of the sixty-five 
localities and to record the total number of clumps of cane and the number of 
clumps infected, in order to get the percentage of infection. 

As some growers who allowed their cane to be examined do not wish their 
estates to be named, only the number of localities in the districts is given. On 
looking at a map on which the places examined are plotted we believe that the 
sample as a whole presents a fairly representative picture of the position in North 
Bihar with regard to the intensity of mosaic disease. A summary of the record is 
as follows : — 

Table X. 


Intensity of mosaic disease on cane %n North Bihar. 


Variety 

Districts 

Localities 

Area of 
strips 
examined 

Infected 

clumps 

Percentage 

infection 

Co. 213 

Ciiapra . 

5 


60 

0*1 


Gopalganj • « . 

12 


768 

0-9 


Siwan . . . 

North Muzaffarpur and Cham- 

■H 


2,776 

4-8 


paran . • • 

North-East Muzaffarpur and 


18-95 

162 

0-06 


Darbhanga 

■■ 

16-09 

60 

0-03 


Total 

47 

50-37 

3,816 

0'68 

Co. 210 

Ohanra 






Gopalganj . • . . 

5 

11-8 

281 

0-7 


Siwan 

North Mazafarpur and OLam- 

13 

8-14 

37 

0-03 


paran . . 

North-East Muzaffaipur and 

3 

3-6 

2 

■ , ' ' i 

0*06 


Darbhanga , . . | 

6 

2-93 

^ - 

0-04 


Total 

27 

26-37 

322 

0*09 

Co. 285 

Ohapra • . 

■■I 

1 

0 

0 


Gopalganj .... 


•26 

87 

2-6 


Siwan . • « • 

North Muzaffarpur and Oham- 


3 

2 

•006 


paran .... 


1-26 




Total 

5 


89 

•12 

Co. 205 

Muzaffarpur , . . 

1 

•13 

11 
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Tie increase in tie percentage of mosaic in Co. 213 in 1932 is due to tie iigi 
infection in tiree localities in tie Siwan Snb-Division consisting of 1*76 acres witi 
12 per cent, infection. Tie Coimbatore canes iave almost completely ousted tie 
local variety in tie area examined but in two localities of *64 acre the latter was 
found to be wiolly infected witi mosaic disease. 

Tie summary of tie record for this and tie two previous seasons in which a 
sitrvey was made is as follows 

Table XL 

Infection of 


Variety 


Oo. 213 . 
Co. 210 . 
Go. 205 . 
Go. 2S5 . 


1927 1 

1931 

Area of 

Humber 

Percen- 

Area of 

Humber 

Percen- 

stiips 

of 

tage 

strips 

of 

tage 

examin- 

looali- 

infec- 

examin- 

locali- 

infec- 

ed 

ties 

tion 

ed 

ties 

tion 

39-6 

6 

0*03 

13*6 

8 

0*2 

5" 

1 

0*5 

1*6 

5 

0*96 

6*7 

4 

15*0 

1 

4 

9*0 


Hot gro'win on a field scale. 




Area of Humber Percen- 
strips of tage 

examin- looali- infec- 

ed ties tion 


With tie exception of Co. 205 tie percentage of infection in sugarcane of tie 
Coimbatore varieties in North Bihar is still low. That in Co. 206 has decreased but 
this may be more apparent than real as tie sample was very small and as Co. 206, 
because of its high fibre content, is discouraged by tie mills, tie area under 
this cane is decreasing rapidly and its place is being taken by Co. 286. It appears 
that tie disease in Co. 213 has slightly increased in the five years 1927 to 1933. 
That it can increase considerably is shewn by the iigi percentage of infection in 
Siwan, It is probable that tie infection on Co. 210 has slightly decreased. Mosaic 
disease has not yet been found on Co. 214. 

On reviewing tie results of tie last tiree seasons^ experiments one sees that no 
factor that has been measured has varied consistently in all tiree tests except tie 
calculated juice from cane. 


Co. 213 


Cane • . 

Percentage juice to cane 
Calculated juice 
Brix 

Sucrose . 

Glucose . 

Purity . 
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If is true that, whenfiyer in ^pj season the difi^^ the means of a measuTed 

faetor has had statistical significance, it has been in the direction of disadvantage 
for the mosaic cane except in the less amount of glucose in 1933. This is the j)Osi* 
tion so far and the experiment will be carried on for at least two more years. 

SUMMAEY. 

On comparing mosaic-free and mosaic-infected sugarcane in sixteen pairs of 
plots, each 6 by 50 yards, after sufficient cane to eliminate edge efiect had been 
removed, and on analysing the measures for weight of stripped cane, weight of juice, 
brix, sucrose, glucose and purity, it appeared that in the season 1932-33 about four 
per cent, lees juice was extracted from the mosaic-infected cane and in it the glu- 
cose was slightly less and that none of the difierences in the other measures was 
siatistically significant. 

The diflerence in the germination of the means of the two sets of plots was not 
statistically significant. 

j The cane was attacked unifoimly by various insects and at the time of harvest 

about forty per cent, of the canes showed some form of insect attack. 

During the last three seasons no factor that has been measured has varied con- 
sisteptly in all three with the exception of the calculated juice from cane and this 
has always been less in the mosaic-infected plots. 

Whenever the diflerence in the means of measured factors has had statistical 
significance, it has been in the direction of disadvantage to the mosaic-infected cane 
except in the less amount of glucose in 1933. 

This carried out partially by a grant from the Imperisl 

OounoU of Agricultural Research for the investigation of mosaic and other sugar-: 
cane diseases. 
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an alteenaria blight oe the linseed plant. 


P. K. DEY, M.Sc. (Lond.), 

Plant Pathologist to the Government of United Provinces^ Oawnpore. 

(Keceived for publication oil IStli June 1933) 

(With Plates LXX and LXXI and one text figure), 

L Intbobuction. 

During the months of January and February of 1928, the writer had observed a 
severe form of blight of the linseed cxo-p (Linum usitatissimum L.) in some of the 
experinaenral plots in the Botanical Research Farm at Oawnpore. An undetermined 
species of was found to be associated with this blight [Dey, 1929]. In 

the following years reports of its occurrence, received from the various localities, 
indicated its prevalence throughout the United Provinces. This year the disease 
appeared particularly severely in the Government Experimental Farm at Gorakhpur 
and in the Oawnpore Research Farm, in badly drained plots where water remained 
stagnated for a few days after heavy showers of rain. In the latter place it was 
more or less absent from the high, well-drained fields. Generally speaking, on 
average fields the loss caused by this disease to the crop as a whole is not great 
but in low-lying ill-drained fields the damage may be considerable. Tables I 
and II, which were compiled from the figures supplied by the Economic Botanist 
(oil seeds) Oawnpore and the Deputy Director of Agriculture, North Eastern Circle, 
Gorakhpur, respectively, show the extent of damage to the crop caused by tfie 
blight in the affected fields. The linseed rust {Mehmpsora Uni D. 0.) was almost 
absent at both the places this year, and in these fields no other disease was 
noticed. The loss in yield might thus be ascribed entirely to AUernaria, 


Table I. 


Variety 

No. 


Yield per acre from healthy 
plots— calculated from average 
of 5 plots of 1/80 acie each 


Yield per acre from diseased 
plots— calculated from average 
of 5 plots of 1/80 acre each 


Peroeatage of 
loss 


Loss in yield of linseed caused by the blight in badly diseased plots at Gawnpore 

Research FarMy 1933. 
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Table II, 


Losi> in yield of linseed mused by the blight in badly diseased flats at Oorakhpur 

Experimental Farm, 19S8, 


Variety 

No. 

Yield per acre from healthy 
fields — calculated from average 
of 4 plots of 1/40 acre each 

Yield per acre from diseased 
fields — calculated from average 
of 2 plots of 1/40 acre each 

Percentage of 
loss 

1206 

5 mds. 32 srs. 8 ob. 

4 mds. 7 srs. 8 oh. 

27*9 

1162 

4 mds. 32 srS, 8 oh. 

2 mds. 35 srs. 

. 

69-6 


ii. 

Symptoms. 



Tlie disease was easily noticeable at tbe time of flowering, after a spell of Wet 
weatjier. All parts of the plant above ground were afl^ected, particularly the buds, 
flowers and the upper leaves. The first indication was the failure of the fl:owers to 
open during the day. Minute dark brown spots appeared near the base of the calyx. 
They enlarged, deepened in 'colour and spread all over passing into the pedicel. 
The petals and other floral parts shrank and rotted away. The unopened flowers 
ultimately shrivelled and dried up, projecting through the neck of which could be 
seen the, remains of disorganised petals. The flower buds similarly turned black 
near the. pedicel, the discolouration spreading over the calyx above and into tue 
stem below.. These' also collapsed and dried up. Similarly in the young erect 
leaves, the' dark brown spots starting near the base spread over and passed into the 
stem. They dried up and got twisted or curled outwards. In the older leaves, the 
tips of which hang downwards, the attack usually started at the tip. The affected 
leaves broke off easily from the stem. The concentric rings in the lesions, so very 
typical of the attack of ,4 temana on other hosts, were altogether absent. 

After a shower of rain, the water remained entangled in droplets for sometime 
within the bases of the calyx and erect leaves, which offered suitable conditions for 
the germination of spores of the causal organism. Hence the infection started at 
such points. The flowers were more to suffer, as in closing at night they enclosed 
the droplets of water within them, which thus remained there for several hours, and 
thereby offered a far more favourable condition for the attack. The j)laces of in- 
fection of the disease in the plant, as well as its severity in the undrained fields 
where the air round the plants remained wet for a long time, showed the intimate 
relation of the disease with humid condition. 

In severe attacks the whole plant dried up, the stem turning greenish black 
nearly upto the base, and bearing on it the blackened distorted dry leaves and the 
dark brown shrivelled-up buds and flowers (Plate LXX, fig, 1). If the attack 


FIATE IiXXs 



Photo by P. K. D. 

Fig. L — Blighted shoots of linseed plants. 


Photo by A. K. M. 

Fig, 2. — Gynsecmm of a linseed flower, taken 48 
hours after the stigma was inoculated with the spores of 
A, Uni, The cottony growth of the mycelium containing 
chains of spores can be clearly seen in the upper half of 
the style through which the infection spread. 
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Fi0* Jf . flp-c,-»-GiBrminatmg spores of A, Uni, In Pig. Ic the germ- tube has emerged from the 
extremity of the beak-cell. x700. 

Fig, Id , — germinating spore of A, Uni stained ^^vith dilute gentian violet. The crack in the 
epispbrinm is distinct. The endosporium has elongated with the germ-tube to form its outer wall. 

XTOOi, ^ ' 'M •' -.111! ^ 

Fig, 2 , — ^A chain of ^ores of A, Imi, ^ The beak^sels have thinner and smooth walL One of 
the spores is bearing a s^ondary one. x700. ^ ^ i ^ 

Fig, 5.— Two sporophores have emerged through a crack in the cuticle of the leaf. The epider- 
mal layer is much swollen, due to clustering of hyphse within it. The sporophores have swollen bases. 

X600. ^ ^ ' t' ^ ^ t ^ 

Fig, 4 , — ^A sporophore has come out through automata. Its swollen base is clear, X600. 

Fig, d,-— The hypha has penetrated de^ into tissue of the petal, and has branched. The 
material was fixed eight houra after inoculatioa. X500./ , , j 

Fig, 5.— The germ-tube ha^ just penetrated into^th©, petal through a ruptu]^ in the cuticle, the 
outward margin of which is bent upwards and the inward margin downwards, due to pressure of the 
entering hyito. There is a clearer area immediately round the 'tip of the germ-tube indicating enzy- 
mic action. Two other germ-tubes, probably tom the mme ispore^ have also penetrated. Their con- 
nection with the spore cannot be seen in the section. X 1,000. 

Fig. y.— Same as Fig. d.— O^e spore became firmly to the surface of the petal by means of 
* mucilage % the remains of which are seen as granular threads and beads. The germ-tube has en- 
tered vertically downwards. The hole in the cuticle is wider than the diameter of the tip of the germ- 
tube. Dissolution of the host tissue is seen as a halo round the tip. x 1,000. 
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started a little later in the season, when the pods had already formed, the latter 
were attacked like the flowers at the base of T^he sepals and spread into the pod and 
the stem* The pods turned prematurely brown and dried up. 

If the moist weather continued lor some days, the affected flowers became 
covered with a white downy mycelial growth. This, however, changed very soon 
into sooty-black colour due to the production of spores, long chains of which could 
be seen even with the naked eye. Ordinarily the affected parts of the plant soon 
became covered with a velvety black bloom, which could be rubbed off with fingers 
or shaken off like dust. 

The microscopic examination revealed pale olive, aerial mycelium of the 
fungus, bearing chains of septate spores of AUermna, which covered the surface of 
the affected parts. These aerial sporophores arose from the almost colourless vege- 
tative mycelial threads which permeated through the completely disorganised host 
tissue and clustered in knots in the epidermis below the cuticle. The epidermal 
layer was thus considerably s'wollen. The sporophores usually burst through the 
cuticle (Plate LXXI, fig. 3), two or more emerging through the same opening, or 
sometimes came out singly through the stomata (Plate LXXI, fig. 4), At the 
point of origin from the mother hypha, the sporophores were slightly swollen into a 
small vesicle, agreeing in this respect with A. macrosporium [Jones, 1928]. 
Plate LXXI, fig. 3 is a drawing froni 8 p. thick microtome section stained with iron* 
alum hcematoxylin and Plate LXXI, fig. 4 is that from a hand section, which was 
fixed and stained hy Amann's fluid containing 0'6 per cent, cotton-blue [Linder, 
1929], 

That this fungus Alternaria was the cause of the blight was confirmed by 
subsequent studies. 

HI. Causal fungus. 

The spores of the fungus from the surface of the blighted plants were picked 
up with the sterilized needle and sowm on 5 per cent. riCe agar medium in Petri 
dishes. They were incubated at 85 Since the spores were lying loosely in 
chains on the surface, it was easy to obtain jjure cultures by this method. On the 
second day white colonies, about 5 mm. in diameter, appeared. Fresh cultures 
were prepared by transferring the hyphae from the extreme edges of these colonies 
into fresh media. On the fourth day the colonies were 5-6 cm* in diameter, showing 
distinct zonation of dark greenish brown rings alternating with pale olive areas, 
except near the edges where the colour remained white. The dark colour was due 
to the appearance of spores. After 6-7 days, the whole of the colony, which by 
now had completely filled the 9 cm. diameter Petri dishes assumed a sooty black 
colour, especially in the central regions, with the whole surface looking dry and 
velvety. 


/ 
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{a) Mycelium, 

The myeeliiim consisted of distinctly separate, vegetative and reprodnotive 
parts. The former was almost colourless with a faint greenish tint, appearing 
grey-white in mass, sparsely septate — ^the septa beiug more numerous in the older 
hyphae-- and filled with coarsely granular protoplasm. Here and there could be seen 
small swellings or vesicles, which exhibited at times a circular streaming movement 
of their granules. This vegetative mycelium remained submerged in the medium, 
thehyphal branches running more or less parallel to one another towards the 
margin of the colony, without forming a dense weft. The hyphae varied in thick- 
ness between 2[x and 7’5pi with the average diameter of i-p. 

After about two and a half days, the older vegetative hyphae began to throw 
aerial filiform branches or sporophores, which grew straggling several millimeters 
long, frequently sending out, in irregular succession, simple racemose lateral 
branches. Tlie exact length of the sporophores could not be measured owing to the 
fact, tliat by the time they stopped lengthening and started bearing spores numer- 
ous other sporophores and their branches appeared in the field, completely obli- 
terating the course of a single sporophore. The sporopliores were olive-brown in 
colour, with a deeper shade near the extremities. They were more closely septate, 
especially at the ends, which were sharply cut up into small cells. The main axis, 
as also each of the lateral branches, stopped growing after a while, and their tips 
began to change into spores. With the stoppage of growth in length, still other 
side branches grew out from the main axis. 

The sporophores thus consisted of long filamentous aerial, branched hyphae 
measuring 2*5(jl to 4‘5p in thickness with the average of 3*6{x. 




(6) Spores, 

The spores were in chains, dark olive in colour appearing sooty black in mass. 
They were flask -shaped, with a short unicellular, light brown hyaline neck or beak. 
The body of the spore consisted of a varying number of cells separated by cross 
septa, the two bottom ones, in many cases, being f arther divided into smaller ones 
by vertical walls. The second cell from below had the largest diameter. The 
edges of the septa could be seen as rings encircling tbe spore. At the septa the 
spores were constricted. The wall was thick and echinulate except in the beak-cell 
which had thinner smooth wall. The spores, including the beak cell, consisted of 
3-7 cells and varied between 10-40 [JL in length and 6-10 [x in breadth, the beak cell 
alone measuring 3-7 [X. The average measurement with the beak cell was24{xX 
7 jx, the beak cell alone averaged 4*9 (X in length, and the average number of cells 
including the beak was 4. In artificial cultures a secondary branch occasionally 
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came out from any of the cells of the Spore wliich soon transformed into a second- 
ary spore (Plate LXXI, fig. 2). 

No marked difierence was noticed between the sizes of spores from nature and 
those from the cultures on rice agar medium except that the average length of the 
former was 26[i in stead of 24p, as in the latter. Elliot [1917] noted that Alternaria 
spores produced on culture media tended to be smaller than spores borne on their 
food plants. . 

The extreme variability of the size and form of the spores can be judged from 
Tables III, IV, V and VI which give, for fi.ve hundred spores, the measure- 
ments of their length with the beak cell, their maximum breadth, the length of the 
beak cells alone, and the number of cells in each spore, as also the number of spores 
having the same measurement. 


Table III. 


Measurements o/ the length, of spores. 


Length inoludiiig beak cells in microns 

Number of spores out of 600 having this 
measurement 

10-16 

34 

16-20 

101 

21-26 

166 

26-30 

109 

31-36 

65 

36-40 

26 


Table IV. 


Measurements of the maximum breadth of spores. 


Breadth in microns 

Number of spores out of 600 having this 
measurement 

" ■ ■ B ■ 

■ 65 ' 

6 

, 181 

7 

80 

8 

19 

, 9 ■' 

125 

■ ■ '10 ■ ■ ■ 

40 


M: 
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Table V. 

Measurements of the UngtJi of the leak cells. 


* 

Length in microns 

Number of spores out of 500 having this 
measurement 

3 

92 

4 

219 

5 

51 

6 

60 

1 

78 


Table VI. 


Number of cells including the beak in each spore. 


Number of cells 

Number of spores out of 500 having as 
many cells 

3 

' ■ ■ ■■ 58 " 

4 

169 

5 

154 

6 

66 

■ 7 . 

53 


From the above tables the measurements of and the number of cells in the 
spores are as follows : — 



Length including the beak cell— lO-lOp. 

Majority— 21-26(Ji 
Average— 24[J!. 

Breadth maximum — — . . 5-lOp, 



Majority-6 (x 
Average — 7 [x 
Length of the beak cell- — 3-7 (x 
Majority — 4[x 
Average — 4’9(x 

Humber of cells including the beak cdl— 3-7 
Majority — i 
4^erage— 4; 
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MetJmd of zfom foTmatim i—T^i^. iG^ of spores was studied directly in 
young live colonies growing on a tHn layer of rice agar medium. The extremity of 



Fig. 1 (a-d) — Stages in the development of spores of AUemtaHa from the linseed plant, 

(Camera lucida drawings X 800.) 

the main sporoph ore stopped elongating after a timcj and became closely divided 
into three or four small cells by means of cross septa. The colour graduahy 
deepened, except in the outward margin of the distal end cell which now appeared 
slightly refractile. This retractile portion was cut off by a wall and ultimately 
formed the beak cell. When the beak cell was being delimited, a constriction 
appeared, in the majority of oases, at the third septum, by the increase of diameter 
of the adjoining ceUs. GeneraUy the second cell from the proximal end showed 
the greatest increase in size. Often vertical septa appeared in the two bottom cells. 
The beak cell, however, behaved difierently. Instead of increasing in diameter it 
grew a little in length only. Ultimately the bottom cell more or less rounded off, 
the spore walls thickened and the colour deepened into dark brown in all the ceUs 
except in the beak, whose walls remained thin and the colour pale greenish brown. 
In this way a fully mature spore was produced. 

Instances were noticed, especieUy when a big drop of water coUeoted below the 
cover glass placed over the portion of the ■ colony under examination, in which the 
refractile globules cut off from the tip of the main axis of the sporophore remained 
as snch \7ithQut undergoing further changes j andbeiow them regular spores \Yith 
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beak cells were foimed. In a few cases, the refractile globule gradually developed 
a thick wall, a partition appeared in its iniddla, transforming it into a spore with- 
out a beak cell. Be Bary [1887] has figured a young sporophore of Altemmia on a 
mycelial filament submerged in water, in which a similar hyaline globule is shown. 

Rands [1917] followed the spore form.ationin Altevnaria solani d-Xid, described 
it to have been produced from a bud, forming on the terminal cell of the sporo- 
phore. Jones' [1928] pictures of the difiereiit stages of the spore formation of 
A. macrospom indicate, that in this species a single, unicellular, terminal cell, ab- 
jointed from the sporophore, enlarged and developed within it a number of septa 
and thus grew into a septate spore. Thus, the spore formation of the Altemaria 
causing the blight of the linseed plant differed materially from that of A. solani and 
:A, macTospom. 

In this species, unlike the other two, a small apical portion of the sporophore 
gradually changed into a spore. 

By the time the first spore was completed, a number of close septa appeared 
in the sporophore below, the endmost of the cells thus formed turning hyaline and 
refractile. No regular order of appearance of the cross septa was noticed, except 
that the one which delimited the spore was the first to appear. When these 
changes were taking place near the tip, the sporophore itself elongated from below. 
The formation of the second and the subsequent spores was exactly similar to the 
first one. In this way a chain of spores was produced. In the majority of cases, 
in the cultures on rice-agar medium, the catenula consisted of three spoies. On the 
host plants it was not uncommon to find long chains containing six to eight spores. 

Thus in this fungus the spores were terminal chlamydospotes, produced in suc- 
cession by acropetal fragmentation of the sporophore branches. 

Gemination of spores, — The spores germinated readily in tap water. It was 
rather dififieult to wet the spores, due, no doubt, to the presence of spines on their 
surface, which formed air pockets within their meshes. The floatiug spores, being 
attracted by surface tension, tended to collect together in masses. In making a 
satisfactorily thick suspension the spore masses had to be stirred vigorously. But 
in doing so the sporophores, which were very brittle, broke up into small bits. The 
immature spores were not detached clean from the sporophores, but short pieces of 
the latter remained attached to their bases like stalks. The d§bri of sporophores in 
the sitspension were removed by pipetting off the supernatant water, the wetted 
spores having settled to the bottom. Very soon after sinking to the bottom the 
i spores became glued to the glass surface, so that a jet of water could not remove 
thMt easily. This might be due to gelatiuization of the surface of the spores. No 
. diffect.e’VideiiiSe of this gelatinization, by staining or morlnting in Chinese ink 
/ |Blackmin and WMdrd, 191^^ however, be obtained. The bfeak cell stuck 
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faster to the glass surface, as could be evideBced from the fact that when a jet of 
water from a wash bottle was al^^ to play on the spores, they seemed to be 
rooted by means of the beak cells on which they oscillated. 

At 85° P. the spores germinated within four hours. They did not swell up 
appreciably in water before germination, The episporium burst at any point in 
any one or all the cells of the spore, the break gradually widened, and through it 
the protoplasm, enclosed within the endosporium, becoming increasingly turgid by 
imbibition of water, emerged in the form of a germ tube (Plate LXXI, fig. la, lb,). 
T^^^ relation between the episporium, endosporium and the germ tube was clearly 
brougbt out by staining the slide with a very dilute gentian violet (one drop of 
concentrated gentian violet in 50 c.c. of water) (Plate LXXI, fig. Id). The epi- 
i sporium was thick, dark brown cell-like structure, having minute spiny warts on 

the outer surface. The endosporium was very thin and colourless and appeared to 
! line the episporium, and enclosed the protoplasm within it. In germination, the 

endosporium also elongated to form the wall of the germ tube. In this respect, 
this udtomaria agreed with A, macrosporwm [Jones, 1928], Jones used the terms 
intine and extine, but here endosporium and episporium of DeBary [1887] are 
, retained, as being more expressive. 

The spore was capable of sending out as many germ tubes as there were cells, 
but usually only two to three of the cells germinated. Butler [ 1918 ] observed the 
same fact in A. brassicc^ on sanon. In some cases (Plate LXXI, fig. Ic) the beak 
cell also elongated into one. This happened through rupture at its extremity and 
never laterally as in macrospomm [ Jones, 1928 ]• 


IV. Inoculations. 

A large number of healthy cut branches of the linseed plants, containing buds, 
flowers and some young pods, were washed thoroughly with sterilized water to 
remove, as far as practicable, dust and foreign spores from their surface. They 
were divided into ten lots and each kept covered separately with a bell-jar over a 
dish of water. The cut ends of the branches were kept dipped in beakers of 
sterilized water. Six of them were inoculated by heavily sprinkling them with a 
thick suspension in sterilized water of spores from seven days old cultures. The 
suspension drops were seen collected at the bases of every leaf, flower and pod. 
The remaining four lots were kept as controls, having been sprinkled with sterilized 

water. 

They were kept near a window in the laboratory, where the temperature ranged 
between*^74°-85°E. during twenty-four hours. The experiments were started on 
Inarch 2. Below is chronicled tfie summary of observations, from which it is clear 

‘ ■ 9 
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that the AUernaria was responsible for the blight of the linseed plants in the 

field: 

Inoculated branches : — ^March 4.— Two days after inoculation the bases of 
practically all the upper leaves had turned dark brown. The dis- 
colouration had spread down the stem, in sonae cases to nearly a 
centimeter. The number of buds and flowers which had blackened 
and collapsed was 7, 15, 8, 22, 25 and 8 respectively in the six lots. 

March 6, — The number of affected buds and flowers rose to 32, 52, 37, 28, 60 
and 19 respectively. Some of them were covered with a white 
mycelial growth, together with the infected portions of their stalk. 
Practically all the upper leaves, including portions of the stem 
adjoining them and the stalks of the affected buds had turned com- 
pletely black. 

March 8.— The number of diseased buds and flowers was now 48, 71, 43, 38, 
82 and 30 respectively leaving 3, 2, 2 and 6 healthy ones in the 
second, fourth, fifth and sixth lots. In lot No. 6 there were a few 
fully formed pods which were also infected, the discolouration, how- 
ever, remaining confined to the sepals and passing a short distance 
down the stem. Except a few lower leaves, the infection had spread 
over all the branches. The white mycelial growth could be seen cover- 
ing all the young portions of the branches. With a hand lens crowded 
chains of spores could be seen growing out from the blackened stem 
and among the white growth. Hand sections of the former revealed 
the fungus hyphse permeating through the tissues. 

The bell-jars from three out of these six lots were removed and the following 
observations were noted : — 

March 10, — In the uncovered specimens the white colour of the mycelial 
growth was completely masked and looked sooty black on account of 
numerous black spores produced on them* The spore chains were 
visible even to the naked eye. The spores were similar to those in the 

In those, which stiU remained under bell jars, the production of 
spores was scanty ; on the other hand, there was more of mycelial 
growth. This indicated that dry conditions favoured spore formation, 
a fact which was supported by field observations, stated before. 

Small bits of the blackened stem and flower stalks were now used for reisolating 
the fongus. , A few from each lot were cut out, their surface disinfected by dipping 
in mercuric chloride (1/1000 solution) for 15 minutes, and then repeatedly washed 
m st^rilisjed wg^ter to reniove the adhering mercuric chloride. Ea^h bit was then 
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irnmediately dropped into a Petri dish containing rice-agar mediinn. Fourteen 
cultnres were thus prepared. They were left in the room temperature (74:°-88°F.). 
Except in three dishes which v/ere accidentally contaminated, all the others 
developed colonies, which agreed in every respect with that of the original fungus. 
On the third day, chains of the same type of spores appeared in most of the 
cultures. Thus the fungus was successfully reisolated from the inoculated 
plants 

Uninoculated controls. — The controls remamed unchanged throughout the 
period of the experiments. Many of the leaf huds opened, hut the 
petals of the flowers had shed leaving the dried-up stamens and pistils 
projecting out through the closed calyx. There were some fully formed 
pods in these controls. They remained unchanged except turning 
slightly brown* 

With the spores obtained from the reisolated cultures, a second set of inocula- 
tions, with cut leaves and flowers, was carried out. Small drops of suspension of 
these spores were sown on the surface of a large number of leaves both mature and 
immature, and flowers, and all were kept in sterile moist chambers. After 48 hours, 
while the older leaves remained unchanged, the very young immature leaves 
developed minute brown spots under the infection drops which indicated that at 
these spots the infection had taken place. The controls, where only sterile water 
was used as infection drops, remained quite unchanged. In the flowers the infection 
was quicker and more easy to detect. The ovaries turned brown and soft, in fact 
all the floral parts rotted away and collapsed. Plate LXX, fig. 2 is a photograph of 
a style magnified twelve times which was inoculated, 48 hours before, by placing a 
loopful of the spore-suspension on the stigma. The fungus had passed down the 
style to more than half its length and the attacked portion was covered with a 
white fleecy mycelial growth. In the photograph, a few spore chains, especially 
on the left side of the stigma, is seen more clearly than the mycelium, which is 
rather indistinct. 

Y. Taxonomy. 

The chief distinguishing feature between Macrosporinm and Alternaria, both of 
which have practically the same type of spores, is the catenulse or chains of spores, 
which the latter produces under favourable conditions. The fungus under study 
produces the chains, under all normal conditions, both in nature and artificial 
cultures. Hence there is no doubt that it belongs to the genus Altemaria, 
Macrosporium commune which" attacks Linum [ Lindau, 1910 ] is a difierent fungus 
from and cannot be mistaken for the present one, 
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Elliot [ 1917 ] made a detailed study of the Alternuria and Macrosponum and 
came to the conclusion that '' All the species of Macros forium in Sylloge Fungorum 
belong to Altermria He divided them into seven groups according to the shape 
of their spores. But later he recast them tentatively into six groups on the basis 
of the measurements of their spores. The beak cells were excluded in these 
measurements. These six groups are A, tenuis, A. brassicae, A. herculea, 
A. cummarina, A, smchi a>nd A, Irassicae mkrospora. But the present 

fungus with its spore sizes varying between 7—33 pX5— lOp without the beak cell, 
or the average of 24pX7{JL with the beak cell, cannot be placed in any of these 
groups except perhaps in the last one. A, bmssicae var. somniferum f. microspora 
Brun, has got spores measuring 26[xX7*6[j(. [Lindau, 1910]. It is a leaf parasite 
of Brassica oleraoea. But Elliot points out that the spores of -4. var. 

microspora have seldom the longitudinal septa. In the present fungus they are quite 
-frequent. 

Toiing [1929] was of opinion that although the spore sizes constituted a funda- 
mental basis for separating species, yet since the ranges in the spore sizes had been 
described very incompletely, strong consideration must be given to food plants in 
classifying these fungi. In his tabulation of the species none are mentioned parasi- 
tizing the plants of the order Linacece, To establish whether there is any relation 
of this fungus with A, brassiew var. somniferum f. microspora Brun., which it 
approaches the nearest in morphological characters, or with any other Altemaria, 
an extensive cross inoculation and detailed study in artificial media are necessary. 
In the meantime this form had best be designated as a distinct species and named 
as Alternaria Uni, sp. nov., with the following characters : — 

Vegetative Jiyphce, — Almost colourless, submerged, sparsely septate, with 
straight branches ; average thickness 4 (X. 

Sporophores, — Pale olive; long, . decumbent ; alternately branched ; septate; 
usually bursting through the epidermis singly or in groups of two or three, rarely 
through the stomata ; average thickness 3*5{x. 

Spores. — Dark olive ; 3-7 celled ; longitudinal septa common ; 10“40{x X 6-10|jt 
including the beak cell ; the latter short, tapering, 3-7|x long ; catenulate ; clavate ; 
base obtuse ; constricted at transverse septa ; echinulate except in the beak cell, 
Hahitat. — ^Living stem, leaves and flowers of Linum usitatissimum L. ; does 
not produce target-board spots or lesions with concentric rings, but the effect is a 
uniformly diffused withering and blackening of the affected parts. 


r ? MjsTHon of ioteotion. ■ ■ ; 

The method of infection of the linseed plant by A. Uni was studied by sowdng 
thick watery' suspension of spores on the surface of |>lucked leaves and petals. 
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placed in moist chambers, as was done in the second set of the inoculation experi- 
ments. As stated before old mature leaves could not be infected when spore- 
suspension was placed on their surface. Only small immature leaves, which could 
be easily infected thus, were therefore selected for this study. They were washed 
with sterilized water to remove dirt and foreign spores from their surface, and 
placed on glass slides in sterilized moist chambers. Small drops of spore suspension 
in sterile water were placed on them, on the upper surface in some and on the lower 
in others. They were incubated at 85° F. After 18 hours minute brown spots , 
could be seen in all these leaves below the infection drops. Such portions of the 
leaves were cutout, fixed in Garnoy’s fluid and microtomed to 5 p. thick sections, 
which were then stained with iron-alum haematoxylin and counterstained with 
Orange G. in clove oil. 

It was, however, found that the epidermis at the points of infection remained 
darkly stained, so much so that it was impossible to study the details of infection* 
Jones [1928] probably encountered the same difficulty in studying the penetration 
of A. macrosporiun into the host tissue, for although he mentioned that the cuticle 
was ruptured, he did not explain how this was effected. His drawings also are not 
very clear on this point. To avoid this difficulty, the petals of fully formed flowers 
were used instead of the leaves. In the petals, the cuticle being thin, penetration 
was very quick and the dark stain below the infection hypha was not so very 
persistent. The inoculated petals were fixed six hours after sowing of the sporea 
on them. It was found by trial that at this interval a large number of penetra- 
tions could be observed. Beyond- thLs period the invading hyphae progressed too 
far into the interior of the host tissue, as can be seen in Plate LXXI, fig. 5, which 
was drawn from the material fixed after eight hours. 

It was noted during the study of their germination, that the spores became 
firmly fixed to the glass surface. On the leaf surface also they became similarly 
attached, so that a jet of water would not remove them. This was effected 
probably by means of the ' mucilage ' produced on their surface when placed in 
water. There was no direct evidence of this mucilaginous sheath, but in permanent 
mounts stained with iron-alum hsematoxylin minute dark granular spots and 
threads round the spore and connecting it with the substratum and with other 
spores and germ tubes, if they happened to be near it, could always be seen 
(Plate LXXI, figs. 6, 7), as in Botrytis eimrm [ Blackman and Welsford, 1916], 
CoUetotriohum lindemvihianum [Dey, 1919] and 0. glceosporioides [i)ey, 1933]. 
They were taken as the artifacts produced by the dehydrating agents on the 
mucilaginous sheath. 

The germ tube became similarly fixed at its tip to the leaf surface by its 
^ mucilage ^ Anchored in this way both at the spore and at the tip, the apical 
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growth of the gem tube caused it to curve up into a knee. The eehinulate surface 
of the spore prevented it from slipping back, while its mucilaginous sheath kept it 
firmly appressed to the surface. Further growth of the germ tube in this position 
exerted a steadily increasing vertical pressure, which caused deep indentation in 
the cuticle at the point of contact, ultimately resulting in a rupture. The cuticle 
being in tension, it immediately contracted at the point of rupture, producing a 
hole wider than the diameter of the germ tube. The latter penetrated through this 
rupture and began to grow in the epidermal layer. In Plate LXXI, fig. 6, the upper 
margin of the cuticle is seen contracted away while its lower margin is bent 
inwards, owing to the pressure of the entering germ tube. There was no evidence 
of dissolution of the cuticle or of the underlying tissues by substances secreted by 
the germ tube prior to penetration. 

All the germ tubes coming out from a spore could effect entrance through the 
cuticle in this manner. In Plate LXXI, fig. 6, two more germ tubes have pene- 
trated, but their points of entrance were not visible in the section. 

In a few cases the germ tubes were noticed to have passed over the stomata 
without effecting entrance. This was perhaps due to the fact, that either the spore 
or the germ tube failed to anchor itself firmly in the immediate neighbourhood of 
the stomata. 

Thus, the penetration of the germ tube of A: Uni into the petal was brought 
about by the rupture of the cuticle by mechanical pressure exerted on it by its 
apical growth. In this respect it agreed with Botry tis dnerea, [Bldbckmm md 
Welsford, 1916], Undemuthianum[I)ej, 1919] and 0, glceosporioides 

[Dey, 1933]. It, however, differed from these fungi in the absence of appressoria, 
the attachment being effected here by the ^ mucilage " on the spores and germ tubes, 
and helped by the spines on the former. 

Once the germ tube punctured through the cuticle, its progress was rapid. It 
branched and rebranched through the host tissue, killing it and causing it to dry up. 
In the immediate neighbourhood of the invading hyphae in Plate LXXI, fig. 6, the 
cells had collapsed, while a halo or a clearer area round the tips of the hyphse 
indicated dissolution of the cell contents, due probably to enzjonatic action. In 
Plate LXXI, fig. 6, however, this dissolution was not visible, neither in a large 
number of cases examined. Thus, there was no conclusive evidence that the fungus 
exuded any poison which killed the host cells in advance. 

Although the fungus failed to penetrate through the thick cuticle of mature 
leaves, when the spores were sown on their surface, yet in the inoculation experi- 
ments the infection occurred at the base of practically all the leaves, irrespective of 
whether they were young or old. It must have gained entrance in cases of old 
leaves through the tender axillary buds. 
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VIL Suggestions eor control. 


The study of the life-history of the causal organism thus indicates that the 
disease is one of the low-lying badly drained fields. Therefore, such fields where 
water is likely to remain stagnated after rains should be avoided and only welh 
drained high fields be used for this crop. Wet weather at the time of flowering 
favours spread of the disease. Hence, if the winter rains are early, before the 
plants come to flower, the damage is likely to be insignificant. The late varieties, 
therefore, should be preferable to the early ones, especially for the low-lying tracts. 
Spraying with a fungicide, such as bordeaux mixture, before flowering will, no 
doubt, prevent the spread of the disease, by killing the germ tubes emerging from 
the spores, but it is doubtful whether the additional cost and trouble, which 
spraying will involve, will justify the small benefit which will be derived from it. 
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' IX. Summary, ■ v::| 

''' ' I 

An Alternaria blight of the linseed plant causes an appreciable loss in the Water- 
logged fields in the United Provinces. It is particularly severe, if wet weather sets 
in at the time of flowering. 

The symptoms of the blight and the morphological characters of the causal 
organism are described. Inoculations were successful and established the patho- 
genicity of the organism. 

The causal organism is an Alternaria, The name A, Uni is suggested for it* 

The spores are produced in succession by acropetal fragmentation of the eporo^ 
photes and are considered to be compound chlamydospores. 

Infection readily takes place through immature organs of the host where the 
cuticle is thin* 

The process of infection has been followed. The spores anchor themselves on 
the surface of the host by means of the mucilage into which their outer surface 
changes when they are wetted. The spines on the spores help in this anchoring. 

The tips of the germ tubes also are fixed by their mucilaginous envelope. Thus 
fixed at both ends further apical growth of the germ tubes causes the cuticle to 
rupture by mechanical pressure. The fungus gains entrance into the host tissue 
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through this puncture. In this respect it agrees with Botrytis dnerm, Oolletotrichum 
Undemuthianum and G . glcBOsporioide'S. 

There was no evidence that the fungus exuded any poison which killed the host 
cells in advance. 

Suggestions are made for control. Well drained high fields only should be 
selected for linseed. Late varieties should be preferable for wet tracts. Use of a 
fungicide would not justify the cost and trouble it would involve. 
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(With Plates LXXIDLXXIV,) 

Inteoduotion., 

Til {Sesamum indicum D. C.) ranks next in importance to tke Brassicse 
oilseed crops as regards acreage in tke Punjab, and on tbe average of five years 
ending 1931-32 it occupied an area of 130,773 acres annually. It is grown to a 
more or less extent in almost every district of the Punjab. It is, however, chiefly 
grown in the districts of Gurdaspur, Multan, Eangra, and Amritsar where it cons- 
titutes about 60 per cent, of its total area in the Province. 

Til is grown mostly as d^ harani (rain-fed) crop in the hharif (summer) season, 
and is often sown alone or mixed with other crops particularly masli {Phaseolus 
radiatus), cotton [Gossypium genus), mdjuar {Andropogon Sorghum). It does well 
in medium loam soil, and thrives particularly well in the sailaha lands, i.c., 
riverian tract, of some of the south-western districts of the Province where the soil 
is rich in plant food and is retentive of moisture. It must be remembered, how- 
ever, that the crop is liable to suffer to a considerable extent if water is allowed to 
stagnate in the field. It is believed by many farmers that a variety which has 
been grown in a certain t 3 rpe of soil in a particular locality does not thrive in 
another district, even though the cultural and irrigation treatments are not 
materially different. This has been found to be the case with some of the types, 
W2:., Nos. 3, 16, 20, 28, and 29 obtained from Pusa, which, when grown at 
Gurdaspur and Lyallpur in the Punjab, produced very weak and sickly plants. 
Similarly the crop raised from seeds obtained from Kangra (a hilly district in the 
Punjab) failed completely when grown at Lyallpur. It has also been observed 
that the types which grow successfully in the areas of Gurdaspur, fail to 

give a satisfactory crop when grown under canal irrigation at Lyallpur. In some 
cases, however, it may be possible to grow the crop successfully by changing the 
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time of sowing or by modifying the method of cultivation. For example, by 
sowing the crop on ridges instead of on flat, to avoid damage by irrigation water, 
which is generally applied by the flooding system in the canal-irrigated areas, and 
by hoeing the fields properly to secure better aeration for the plants, it was 
possible to raise a fairly decent crop of certain varieties which ordinarily did not 
do well at Lyallpur. 

The senior author during the period of post-graduate training in the Botanical 
Section at Pusa in 1928-29 had made a special study of the work then being carried 

on there on the classification of Sesamum crop of India, and on his return to the 
Punjab started the work of classification of Punjab Sesamum on alnrost similar 
lines as were being followed at Pusa. It appears that the collection under study 
at Pusa did not contain a suflieient number of representative samples from the 
Punjab. Kashi Bam [1932] refers to having received only one sample from the 

Punjab, f.e., from Hoshiarpur, from which he isolated Pusa Type No. 6. 

An examination of the Sesamum crop grown by the farmers in different parts 
of the Punjab shows it to be an admixture of many types, which evidently did not 
find their way to the collection made at Pusa for the work of classification. 
Therefore, in order to isolate and describe the various types of Sesamum met with 
i| in the Punjab, a large collection of samples from all the districts of the Province 

was made in 1929, through the various officials of the Agricultural and Revenue 
Departments. To this collection was added the material previously collected from 
important Sesamum growing districts of the Province, and which had been under 
observation since 1927. The pure types isolated from this collection are described 
in this paper. 

Flowering and pollination.— The flowers are borne in racemes, singly or 2 or 3 
together in the axils of the upper leaves. The flowers on the main shoot are 
generally borne from about the eighth pair of leaves upwards. When borne singly, 
the two rudimentary buds in the axil remain undeveloped. These solitary 
flowers open in acropetal succession. In the cases where two or three flower buds 
occur in the axil of a leaf, the central bud opens first and fairly long time before the 
lateral flower buds. The central flowers in this case also open in acropetal succes- 
sion as a rule. 

i Our observations with regard to the relative position of anthers and stigmas 

{ i agree with those of Howard, and A. R. Khan [1919]; but at Lyallpur we 

1 : .have observed certain deviations from the description given by these workers 
; ; V regarding the time of opening of flowers, etc. An account of our observations is, 
^ therefore, given below : — 


The flowers start opening at about 7 a.m. and most of them are open by 8 a.m. 
though some may continue opening till 10 a.m._ As the flower opens, the two hairy 
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lobes of the bifid stigma begin to separate and become receptive. The anthers also 
start bursting and liberate their pollen at the same time. The pedicel of an open 
flower bends down so that generally the mouth of the corolla faces obliquely down- 
wards at about an angle of 60"^. In this slanting position of the corolla the dehisced 
anthers and the receptive stigma lie grouped together on the side away from the lower 
lobe of the corolla. By 7-30 a.m. or 8 a.m. the stigmas are generally covered with 
pollen and as insects start visiting flowers just after 8 a.m. a great deal of self- 
pollination is to be expected. 

The corollas are shed ofi about 15 to 20 hours after the opening of flowers. 
The stamens fall off with the corollas. The styles however remain sticking to the 
ovaries and are discernible the next morning as white, filamentous bodies. Later, 
however, their colour changes as they start withering and in about two days^ time 
they are completely withered. 

It may be noted that in few flowers the anthers remain aborted and are shed 
off without liberating any pollen. In such cases, therefore, cross-pollination may 
be expected which is mostly brought about by insects. 

Four insects namely Apis florea, Andrma ihrda, Ceratim sexm^ulafa Sind 
Tfichometallae pollinosa were the common visitors of sesamum flowers at Lyallpur. 
Apis florea (honey-bee) was found to be more after the poUen than nectar as it was 
often observed biting the anthers with its back turned towards the lower lobe of the 
corolla. It is possible that this insect may be largely responsible for whatever 
crossing takes place in the til crop. In addition, thrips have also been met with in 
the flowers and it is probable that they may also be agents in bringing about cross- 
poUination. 

The extent of natural crossing may be judged from the amount of splitting 
that occurred in the various cultures under study. On the average of 3 years^ 
observations about 6 per cent, of the cultures showed a number of stray plants due 
to natural crossing. 

However, in til crop self-pollination is easy and by bagging quite a good setting 
is obtained. Continuous bagging does not decrease the vigour of the progeny. 

Characters used as a basis for classification. 

Altogether 34 types of Punjab Sesamum have been isolated on the basis of 
easily recognisable morphological differences. The characters used are 
(a) Number of flowers in each axil. 

. (6) Colour of seed. 

(c) Colour of corolla. 

(c) Colour of stem and capsule. / 
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(/) Matiirity. 

(g) Arrangement of leaves on the main shoot. 

Other characters such as differences in habit of growth, height of plants, size of 
flowers, fruits and seeds, shape of leaves, and colour of petioles have not been 
employed because most of these characters were found to be affected considerably 
by environment. A reference to these, however, has been made in the detailed 
description of the distinguishing characters of the types given further. Although 
most of the characters used by us in differentiating the types are the same as 
those used by Zaitzev [1924] in Turkestan or by Kashi Earn [1930] at Pusa, yet we 
have not found it possible to follow strictly any one of these workers, as some of 
the characters used by them did not exhibit any marked varietal differences among 
the types isolated by us. On the other hand we found certain other characters 
which appeared to be more suitable for this purpose, and we have, therefore, made 
the necessary changes. Zaitzev classified the Turkestan Sesamum into 41 types on 
the basis of the following characteristics : — 

(1) Opposite or alternate arrangement of leaves on the main shoot. 

(2) Number of flowers in the axiL 

(3) Amount of hairiness of stem. 

(4) Colour of seeds. 

(5) Presence or absence of false partitions in the capsule. 

(6) Shape of leaves on the lower parts of the stem. 

(7) Colour of stem. 

(8) Colour of corolla. 

(9) General habit of growth and number of branches. 

Kashi Earn used the following main characteristics : — 

(1) Number of flowers in the axil. 

' (2) Colour of seed. 

(3) Colour of corolla. 

(4) Amount of hairs and markings on the corolla. 

(5) Maturity, 

He has, however, made use of such characters as colour of capsule and number 
of loculi in capsules in distinguishing a few types. It will thus be seen that for our 
work on the isolation of types of Sesamum indicum in the Punjab, we have tried to 
follow Kashi Earn with this difference that instead of using the character of amount 
of hairiness and markings on corolla we have preferred to use the amount of 
hairiness and colouring on stem and capsule for the reason that among these types 
we found much more marked constant differences with regard to this character, 
than what was found to be the case with regard to the amount of hairs and mark- 
ings-on corolla. All the types isolated by us have four loculed capsules. However, 
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in one plant of Type 26 in the year 1931 a siz-loculed capsule was met with, and no ! 

such capsule was found in the year 1932. Therefore, the question of number of 
locales as a character for classification of Punjab Sesamum does not arise. 

Differences in characters tised for the isohtion of tyj)es. 

The characters will be discussed in the order in which we have made use of 
them in the isolation of types. v. 

(a) Number of flowers in each axik — According to Kashi Earn the fiowers are 
solitary or 2-3 together in a leaf-axil. Zaitzev has also described one-flowered and 
three-flowered forms. Most of the types isolated by us have one flower in the 
axil with two rudimentary lateral buds, and the remainder have three flowers in the ; i' 

axil. The plants of all one-flowered types are as a rule much more branched than 
those of the three-flowered types. Sometimes among the three-flowered forms one 
or both of the lateral flowers do not form capsules and we therefore find only one 
or two capsules instead of three in the axil of certain leaves. This is usually i 

observed in the lowest parts of the stem or in a crowded population of these 

varieties. Nevertheless, all the plants of such varieties as a rule possess the | 

characteristic of having three flowers in each axil of their leaves. Therefore, for I 

the purpose of classification we have grouped the various types into two classes, 
mz.:— 

(i) Having one flower in each axil, for example Types 1-24. 

{ii) Having three flowers in each axil, for example Types 25-34. 

It may be noted that in one of the cultures studied we found a number of 
plants having six flowers in the axils of some of their leaves (Plate LXXII). Of these 
six flowers, however, only 3 to 5 usually formed w^ell developed pods. The progeny 
of such six-flowered plants did not breed true to this character, but this particular 
culture has, during each of the past two years, been showing a number of plants 
exhibiting this charaeteristic of having six fiowers in the axil. The factors con- 
cerned are being further looked into. The plants showing this character are as a 
rule single stemmed without any branches. It may also be noted that all the three- 
flowered types show an opposite arrangement of leaves on the main shoot except in 
the case of one type which resembles the one-flowered types in this respect as it has 
an alternate arrangement of leaves. In the few plants having six flowers in the. 
axils of some of their leaves we found the opposite arrangement of leaves on the 
main shoot in all cases. In this arrangement of leaves, there are always two 
opposite leaves at each node (Plate LXXII, fig. a.), but one plant having 3 opposite 
leaves at a node (Plate LXXII, fig. 5.) and six flowers in the axils of many of them 
ivas met with in the culture fbqve referred to in the year 1931. The seed got from 
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this plant did not germinate at all and no more plants with three leaves at a node 
have been noticed so far in the progeny of this or any other culture. 

{b) Golour of seed. — The seeds of different types vary greatly in their colour 
which ranges from almost white through various shades of brown and grey to deep 
black. Kashi Earn has described different colours by means of a coloured plate 
in his paper above referred to, and the differences observed by us among the 
various types agree more or less closely with his observations. We have, therefore, 
used almost the same terms as used by him as regards the colour of seeds of various 
types as follows ■ 

1. Almost white. 

2. Dirty white. 

3. Light brown. 

4. Brown. 

6. Dark brown. 

6. Smoke grey. 

7. Black. 

8. Deep black. 

He has also noted differences in the nature of seed-coats of different types and 
has described them as rough or smooth. Seeds of all the types isolated by us have 
smooth seed-coats. 

(c) Colour of corolla.— Yery perceptible differences have been observed with 
regard to the colour of corolla among different types, and we have strictly followed 
the same different shades of purple as given by Kashi Earn, viz. : — 

1. Very pale purple or almost white. 

2. White with a purple tinge. 

3. Light purple. 

4. Purple. 

6. Deep purple. 

It may, however, be noted that the colour differences referred to above are more 
conspicuous during the main flowering season of the plants concerned. The flowers 
formed towards the end of the growing season do not exhibit these differences to 
the same extent, but the colour differences among the types isolated are fairly 
distinguishable even at that stage. 

(d) Amount of Jiamness of stems and capsules. — The surfaces of stems and 
capsules of plants of the types isolated showed marked differences in the amount 
of hairiness, the hairs being as a rule multicellular. Although this character is 
liable to be considerably affected by the environment, yet among the types 
isolated and grown under varying environmental conditions for a number of 

' years these differences showed sufficient stability to justify its being taken as 
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a hereditary character of the types concerned. The surfaces of stems and 
capsules of certain types are very slightly hairy, or almost smooth, whereas in 
others they are hairy, or very profusely hairy (Plate LXXIII). This character 
^appears to be of great economic importance as it has been observed that hairy 
types are comparatively more drought resistant, and much less liable to damage 
by birds, than the non-hairy types. 

{e} Colour of stems and capsules,— CettBin types show greenish or pale green 
stems and capsules with slight or no purple splashes on them, others show clearly 
marked purple bands or splashes, and still others show distinct purple colouration 
on almost the whole of their stems and capsules (Plate LXXIV). . This- coloura- 
tion on stems and capsules is no doubt, like the colour of the corolla, a hereditary 
character. The intensity of colour of corollais not, however, correlated with the 
intensity of colour "of stem and capsule, as plants of . certain types having purple 
corollas show very, little or no purple colouration on their stems and capsules 
and we versa. The colour of stem however seems to be closely associated with 
that of capsules, so far as can be determined from the observations made on the 
types isolated by. us. . 

(/) Maturity,— Plskuts of the types isolated have been .described , as early, 
medium,.and late in maturity. 

iff) Opposite and alternate arrangement of leaves on the main shoot— This character 
has already been discussed and is of minor, importance in the claBsification 
work. 




Key TO THE owSesamum indicum D. G, 

One flower in each axil. 

Seeds almost white. 

Corolla pale purple or almost white. 

Stem and capsule almost smooth. 

Capsule^ turn, whitish near maturity . . . 

Seeds dirty white. 

Corolla pale purple or almost white. 

Stem and capsule almost smooth. 

Capsules do not turn whitish near maturity . 

Stem and capsule hairy . . . 

Corolla light purple. 

Stem and capsule almost smooth . 

Plants very early . 

Plants medium in maturity 
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Seeds light brown. 

Corolla light purple. 

Stem and cap.sule almost smooth. 


Plants very early . . . . . . • . . Type 7 

Plants very late . Type 8 

Corolla purple. 


Srem and capsule almost smooth . . . • . . Type 9 

Stem and capsule hairy . . . . . . . . Type 10 

Seeds brown. 

Corolla white with purple tinge. 

Stem and capsule very profusely hairy . , . . . Type 11 

Corolla bght purple. 

Stem and capsule almost smooth and pale green with very few 

purple splashes . . . . . . . . . Type 12 

Stem and capsule hairy and pale green . . . . . Tjrpe 13 

Stem and capsule very hairy and pale green with few purple 

splashes .... . . . . . . Type 14 




Seeds dark brown. 

Corolla light purple. 

Stem and capsule almost smooth 

Corolla purple. 

Stem and capsule almost smooth 

Seeds smoke grey. 

Corolla light purple. 

Stem and capsule hairy . 

Seeds black. 

Corolla light purple. 

Stem and capsule almost smooth 

• Corolla purple. 

^em and -capsule almost smooth 


Type 16 
Type 16 

Type 17 

Type 18 
Type 19 



PLATE LXXIV, 





TypES OP I), a m the potjab 


905 




i 


Seeds deep black. 

Corolla ligbt purple. 

Stem and capsule almost sHiootb 5 and green with, a few purple 

splashes . . . . * . , . . Type20 

Stem and capsule almost smooth, and distinctly purple • * Type 21 

Corolla purple. 

Stem and capsule almost smooth with brownish splashes . . Type 22 

Stem and capsule hairy and distinctly purple. 

Plants comparatively early . . . . . . . Typ^ 23 

Plants comparatively late . . . . . . • Type 24 

Three flowers in each axil. 

Seeds dirty white. 

Corolla white with purple tinge. 

Stem and capsule almost smooth . . . . . . Type 26 

Corolla light purple. 

Stem and capsule almost smooth . . . . . . Type26 

" Stem and capsule hairy . . . . . . . . Type 27 


Corolla purple. 

Stem and capsule almost smooth. 
Lower lobe of corolla deep purple 

Seeds light brown. 

Corolla light purple. 

Stem and capsule hairy . 

Corolla purple. 

Stem and capsule hairy . 

Seeds black. 

Corolla white with purple tinge. 

Stem and capsule alrnost smoooth 

Corolla light purple. 

Stem and capsule almost smooth. 
Leaves on main shoot opposite 
Leaves on main shoot alternate 

Seeds deep black. 

Corolla light purple. 

Stem and capsule almost smooth 



Type 28 


Type 29 
Type 30 


Type 31 


Type 32 
Type 33 


Type 34 
r 
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Detailed distinguishing charactenstics of the types. 

Type i,— Plants medinni in maturity, somewhat open and profusely branched, 
medium in height (169 cm.) ; stem pale green with practically no purple splashes, 
almost smooth ; leaves alternate, divided, petioles pale, green ; one flower in each 
axil ; corolla almost white, large sized (4‘2 cm. X 2*6 cm.), lower lobe almost white ; 
capsules four loculed, almost smooth, pale green turning whitish near maturity, 
medium sized (3*0 cm. X 0*9 cm.) ; seeds almost white, small, smooth. 

Type 2.— Plants medium in maturity, somewhat open and profusely branched, 
medium in height (153 cm.) ; stem pale green with practically no purple splashes, 
almost smooth ; leaves alternate, divided, petioles pale green ; one flower in each 
axil ; corolla alnoLOst white, large sized (4*2 cm. X 2*6 cm.), lower lobe very light 
purple ; capsules four loculed, almost smooth, green with very few purple splashes, 
medium sized (3*0 cm. X 0*8 cm.) ; seeds dirty white, medium sized, smooth. 

Type S.— -Plants medium in maturity, moderately branched ; dwarf (height 
106 cm.) ; stem greenish, hairy ; leaves alternate, divided, petioles purplish ; one 
flower in each axil ; corolla almost white, large sized (4*2 cm. X 2*7 cm.), lower 
lobe light purple ; capsules four loculed, hairy, greenish, medium sized (3*0 cm. X 
0*8 cm.) ; seeds dirty white, medium sized, smooth. 

Type 4.— Plants very early, open and moderately branched, medium in height 
(156 cm.); stem green with very few purple splashes, almost smooth ; leaves 
alternate, divided, petioles purplish ; one flower in each axil ; corolla light purple, 
medium sized (3*7 cm. X 2*0 cm..), lower lobe light purple ; capsules four loculed, 
almost smooth, green with very few purple splashes, large sized (3*6 cm. X 
0*9 cm.) ; seeds dirty white, rather small, smooth. 

5.— Plants medium in maturity, moderately branched, branches ascend- 
ing, medium in height (151 cm.) ; stem pale green, almost smooth ; leaves alternate, 
divided, petioles purplish ; one flower in each axil ; corolla light purple, small sized 
(3*5 cm. X 2*1 cm.), lower lobe light purple ; capsules four loculed, almost smooth, 
pale green, small sized (2*5 cm. X 0*8 cm.) ; seeds dirty white, rather small, 
smooth. 

Type 6 . — Plants rather early, moderately branched, medium in height 
(146 cm.) ; stem green with purple bands and splashes, hairy ; leaves alternate, 
divided, petioles purple ; one flower in each axil ; corolla light purple, medium 
sized (4*0 cm. x 2*7 cm.), lower lobe light purple; capsules four loculed, hairy, 
purplish, medium sized (2*7 cm. X 0*8 cm.) ; seeds dirty white, small, smooth. 

Type 7. — Plants very early, moderately branched, medium in height (133 cm.) ; 
stem green with very few purple splashes, almost smooth ; leaves alternate, divided, 
petioles purplish; one flower in each axil ; corolla light purple, small sized (3*7 cm. 
;>< 1*9 cm.), lower lobe light purple, capsules four lOculed, almost smooth ; green 
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with very few purple splashes, Mg sized {3"6 cm. X 0‘9 cm.) ; seeds light brown, j 

medium' sized, ''smooth. ■ I 

Tyf e 5.— Plants very late, moderately branched, tall (height 183 cm.) ; stem 
greenish with purple tinge, almost smooth; leaves alternate, divided, petioles pur- 
plish; one flower in each axil; corolla light purple, medium sized (4*0 cm. X 
2*4 cm.), lower lobe light purple ; capsules four loculed, almost smooth, pale green 
with purple splashes, medium sized (2*9 cm, X 0*9 cm.) ; seeds light brown, I : 

medium sized, smooth. | 

■ 

Type 9 . — ^Plants medium in maturity, rather profusely branched, branches jC 

somewhat ascending, medium in height (154 cm.) ; stem pale green with a few purple |i 

splashes, dmost smooth, leaves alternate, divided, petioles purplish; one flower j| 

in each axil; corolla purple, medium sized (4*0 cm. X 2*7 cm.), lower lobe purple ; | 

capsules four loculed, almost smooth, pale green with many purple splashes, medium | 

sized (2*8 cm. X 0*8 cm.) ; seeds light brown, medium sized, smooth. || 

Type JO.— Plants medium in maturity, moderately branched, medium in height jlj 

(152 cm.) ; stem pale green with purple bands and splashes, hairy ; leaves alternate, Ijj 

divided, petioles more or less purple ; one flower in each axil; corolla purple, jl; 

medium sized (4*0 cm. X 2*4 cm.), lower lohe purple; capsule four loculed, hairy, (|( . 

palish green with purple splashes, medium sized (3*0 cm. X 0*9 cm.) ; seeds light jj; 

brown, medium sized, smooth, ||( 

Type 11 . — ^Plants medium in maturity, moderately branched, dwarf (height 
130 cm.) ; stem green with very few parple splashes, very profusely hairy ; leaves j|| 

alternate, divided, petioles purplish; one flower in each axil; corolla white 
with purple tinge, large sized (4*3 cm. X 2*6 cm.) ; lower lobe white with purple j i 

tinge; capsules four loculed, very profusely hairy, green with very few purple 
splashes, small sized (2*4 cm. X 0*8 cm.) ; seeds brown, medium sized, smooth. | j 

Type J2.— Plants rather early, open, and moderately branched, medium in | 

height (156 cm.) ; stem pale green with very few purple splashes, almost smooth; ,1 

leaves alternate, divided, petioles purplish ; one flower in each axil ; corolla light : 5 

purple, medium sized (3*7 cm.x2*0 cm.), lower lobe light purple; capsules four ifi; 

loculed, almost smooth, pale green with very few purple splashes, large sized (3*6 . 

cm.x0*9 cm.) ; seeds brown, rather small, smooth. j |i; 

T«/pe 15.— Plants medium in maturity, moderately branched, medium in height 
(160 cm.); stem pale green, hairy ; leaves alternate, divided, petioles pale green; ; ( 

one flower in each axil; corolla light purple, medium sized (4*0 cm.x2*4 cm.), : 

lower lobe light purple ; capsules four loculed, hairy, pale green, rather small sized ; 

(2*5 cm. x0*8 cm.) ; seeds brown, medium sized, smooth, ^ i | 


14.— Plants medium in maturity, moderately branched, branches ascend- 
ing, medium in height (140 cm.) : stem green with a few purple splashes, very 
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hairy ; leaves alternate, divided, petioles purplish ; one flower in each axil ; corolla 
light purple, medinm sized (4*0 cm.x2*4 cm.), lower lobe light purple ; capsules 
four loculed, very hairy, pale green with a few purple splashes, small sized (2*4 cm. 
XO’7 cm.) ; seeds brown, medium sized, smooth. 

Ty^ 15 . medium in maturity, rather sparsely branched, branches 
ascending, medium in height (145 cm.) ; stem green with very few purple splashes, 
almost smooth ; leaves alternate, divided, petioles light purple ; one flower in each 
axil; corolla light purple, small sized (3*4 cm. X 2*6 cm.), lower lobe light purple; 
capsules four loculed, almost smooth, green with very few purple splashes, medium 
sized (3'0 cm.X0*8 cm.) ; seeds dark brown, medium sized, smooth. 

Tyj)e 16.— Plants medium in maturity, somewhat open and rather profusely 
branched, growth of main shoot restricted, tall (height 186 cm.) ; stem greenish 
with purple bands and splashes, almost smooth ; leaves alternate, divided, petioles 
purplish ; one flower in each axil ; corolla purple, small sized (3*4 cm. X 2*l cm.), 
lower lobe purple ; capsules four loculed, almost smooth, green with purple splashes, 
medium sized (2*6 cm.xO'8 cm.) ; seeds dark brown, medium sized, smooth. 

Tj/pc i 7.— Plants rather late, somewhat open and rather profusely branched, 
tall (height 194 cm,); stem greenish with a few purple splashes, hairy; leaves 
alternate, divided, petioles purplish ; one flower in each axil ; corolla light purple, 
large sized (4*1 cm. X2‘4 cm.), lower lobe light purple ; capsules four loculed, hairy, 
green with very few purple splashes, medium sized (2*6 cm. X 0*8 cm.) having a 
blunt small point at the apex ; seeds smoke grey, medium sized, smooth. 

iS.— Plan^ medium in maturity, somewhat open and moderately 
branched, medium in height (171 cm.) ; stem greenish with a few purple splashes, 
almost smooth ; leaves alternate, divided, petioles pale green with slight purplish 
tinge ; one flower in each axil ; corolla light purple, large sized (4*2 cm. X 2*5 cm.), 
lower lobe light purple ; capsules four loculed, almost smooth, greenish with a few 
purple splashes, medium sized (2*9 cm. X 0*8 cm.) ; seeds black, medium sized, 
smooth. 

Type 19. — ^Plants medium in maturity, moderately branched, tall (height 
195 cm.) ; stem pale green with purple splashes, almost smooth ; leaves alternate, 
divided, petioles light purple ; one flower in each axil ; corolla purple, small sized 
(3*2 cm. X 2*1 cm.), lower lobe light purple ; capsules four loculed, almost smooth, 
greenish with a few purple splashes, large sized (3*7 cm.x0*8 cm.) ; seeds black, 
medium sized, smooth. 

Type 20 . — ^Plants rather late in maturity, moderately branched, branches some- 
what ascending, medium in height (172 cm.) ; stem greenish with a few purple 
slashes near ndaturity, almost smooth ; leaves alternate, divided, petioles purplish ; 
one flower in each axil ; corolla light purple, small sized (3*0 cm. x 1*9 cm.), lower 
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lobe liglit purple ; capsules four loculed, almost smooth, green with a few purple 
splashes, medium sized (2*7 cm, X 0*8 cm.) ; seeds deep black, medium sized, 
:Smooth. ' 

Type 21. — Plants late, somewhat open and moderately branched, tall (height 188 
cm.) ; stem pale green in early stages and distinctly purple near maturity, dmost 
smooth ; leaves alternate, divided, petioles distinctly purple ; one flower in each 
axil corolla light purple, medium sized (3*8 cm.x2‘2 cm.), lower lobe light purple ; 
capsules four loculed, almost smooth, pale green in early stages and distinctly 
purple near maturity, medium sized (2*7 cm.XO’8 cm.) ; seeds deep black, medium 
sized, smooth. 

Type 22.— Plants medium in maturity, open and profusely branched, medium 
in height (167 cm.); stem palish green with dull purple or brownish splashes, 
almost smooth ; leaves alternate, divided, petioles with purplish tinge ; one flower 
in each axil; corolla purple, medium sized (3*6 cm. X 2*0 cm.), lower lobe light 
purple ; capsules four loculed, almost smooth, greenish with a few purple or brownish 
splashes, small sized (2*5 cm. X 0*8 cm.) ; seeds deep black, medium sized, smooth. 

Type 23.— Plants comparatively earlier in maturity than those of Type 24, 
moderately branched, medium in height (161 cm.) ; stem pale green in early stages 
and distinctly purple near maturity, hairy; leaves alternate, divided, petioles 
purple ; one flower in each axil, corolla purple, medium sized (3*8 cm. X 2*2 cm.), 
lower lobe purple ; capsules four loculed, hairy, pale green in early stages and 
distinctly purple near maturity, medium sized (2*7 cm.xO‘8 cm.) ; seeds deep 
black, medium sized, smooth. 

Type 24.— Plants comparatively later in maturity than those of Type 23, some- 
what open and rather profusely branched, medium in height (161 cm.) ; stem pale 
green in early stages and distinctly purple near maturity, hairy ; leaves alternate, 
divided, petioles purple; one flower in each axil; corolla purple, medium sized 
(3*8 cm. X 2*2 cm.), lower lobe purple; capsules four loculed, hairy, pale green in 
early stages and distinctly purple near maturity, medium sized (2*7 cm.XO‘8 cm.) ; 
seeds deep black, medium sized, smooth. 

Type 25. — ^Plants medium in maturity, sparsely branched, branches some- 
what ascending, medium in height (163 cm.) ; stem pale green with purple splashes, 
almost smooth ; leaves opposite, divided, petioles purplish; three flowers in each 
axil; corolla white with purple tinge, large sized (4*3 cm. X 2*5 cm.), lower lobe 
light purple ; capsules four loculed, almost smooth, pale green with purple splashes, 
small sized (2*5 cm.x0*9 cm.) ; seeds dirty white, medium sized, smooth. 

Type 26. — ^Plants medium in maturity, somewhat open and rather sparsely 
branched, medium in height (168 cm.) ; stem greenish with purple splashes, almost 
smooth; leaves opposite, divided, petioles purplish; three flowers in each axil; 
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corolla ligM purple, large sized (4*2 cm. X 2*4 cm.), lower lobe light purple ; capsules 
four loculed, almost smooth, greenish with purple splashes, rather large sized (3*1 
cm. X 0*9 cm;) : seeds dirty white, medium sized, smooth. 

27.— -Plants medium in maturity, rather sparsely branched, dwarf (128 
cm.) ; stem pale green with purple spdashes, hairy ; leaves opposite, divided, petioles 
purplish ; three flowers in each axil; corolla light purple, small sized (3*4 cm. X 2*0 
cm.), lower lobe rather purple ; capsules four loculed, hairy, pale green with purple 
splashes, small sized (2*3 cm. X 0*9 cm.) ; seeds dirty white, medium sized, smooth. 

Type 25.— Plants medium in maturity, sparsely branched, branches somewhat 
asoending, medium in height (158 cm.);srem pale green with purple splashes, al- 
most smooth ; leaves opposite, divided, petioles purplish ; three flowers in each axil ; 
corolla purple, large sized (4*4 cm. X 2*6 cm.), lower lobe deep purple; capsules 
four loculed, almost smooth, pale green with purple splashes, medium sized (2*8 cm. 
X 0*9 cm.) ; seeds dirty white, medium sized, smooth. 

Ttjpe 29.— Plants medium in maturity, sparsely branched, branches somewhat 
ascending, dwarf (134 cm.) ; stem greenish with purple splashes, hairy ; leaves oppo- 
site, divided, petioles purplish ; three flowers in each axil; corolla light purple, small 
sized (3*4 cm. X 2*0 cm.), lower lobe purple ; capsules four loculed, hairy, greenish 
with a few purple splashes, small sized (2*3 cm. X 0*9 cm.); seeds light brown, 
medium sized, smooth. 

Type 30, — Plants medium in maturity, branches practically nil, medium in 
height (147 cm.) ; stem pale green with purple splashes, hairy ; leaves opposite, 
divided, petioles purplish tinged ; three flowers in each axil ; corolla purple, large 
sized (4*3 cm. X 2*6 cm.), lower lobe purple ; capsules four loculed, hairy, pale green 
with a few purple splashes, small sized (2*2 cm. X 0*8 cm.) ; seeds light brown, 
medium sized, smooth. 



Type 31.— Plants medium in maturity, branches practically nil, dwarf (133 
cm.) ; stem pale green with very few purple splashes, almost smooth ; leaves oppo- 
site, divided, petioles with a slight purple tinge ; three flowers in each axil ; corolla 
white with purple tinge, large sized (4*2 cm. X 2*4 cm.), lower lobe light purple ; 
capsules four loculed, almost smooth, green with few purple splashes, medium sized 
(3*0 cm. X 0*9 cm.) ; seeds black, medium sized, smooth. 

32.— Plants medium in maturity, rather moderately branched, medium 
sized (171 cm.) ; stem greenish with few purple splashes, almost smooth ; leaves 
opposite , divided, petioles pale green ; three flowers in each axil ; corolla light pur- 
ple, large sized (4*2 cm. X 2*5 cm.) ; lower lobe light purple ; capsules four loculed, 
almost smooth, greenish with few purple splashes, medium sized (2*9 cm. X 0*8 
cm*) ; seeds black, medium sized, smooth. 
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33.~PIants medium in maturity, and ratlier moderately 
branched, tall (193 cm.) ; stem pale green with practically no purple splashes, al- 
most smooth • leaves alternate, divided, petioles purplish tinged ; three flowers in 
each axil ; corolla light purple, large sized (4*2 cm. X 2*4 cm.), lower lobe rather 
purple ; capsules four loculed, almost smooth, pale green with few purple splashes, 
large sized (3*5 cm. X 0*9 cm.) ; seeds black, medium sized, smooth. 

Ty^pe Si , — Plants medium in maturity, sparsely branched, branches somewhat 
ascending, tall (height 193 cm.) ; stem greenish with few purple splashes, almost 
smooth ; leaves opposite, divided, petioles with a slight purplish tinge ; three flowers 
in each axil ; corolla light purple, small sized (3*2 cm. X 2*1 cm.), lower lobe light 
purple ; capsules four loculed, almost smooth, greenish with few purple splashes, 
medium sized (2*7 cm. X 0*8 cm.) ; seeds deep black, medium sized, smooth. 
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FUNGI FEOM BOMBAY. 

BY 

F. L. STEVINS, 

Professor of Plant Pathology, University of Illinois, U. 8. A., 

AND 

A. S. PEIEOE. 

(Eeceived for publication on IStli June 1933) 

In September, 1932, Dr. B. N. Uppal, Plant Pathologist to the Government, 
Bombay, Poona, India, sent to the senior author for study, determination and des- 
cription, 66 specimens of fungi. These were studied by the junior author under the 
supervision of the senior author. The determinations and also the descriptions of 8 
new species are herewith presented. Two specimens were referred to Dr. W. 6. 
Solheim, and one to Mr. Bubert A. Harris. Type specimens are deposited in the 
herbaria of the University of Illinois, Urbana, 111., U. S. A., and the College of 
Agriculture, Poona. 

Peroistospoeales. 

Bremia, 

Bremia l^tucwBegeV on Sonchus oleraceus Ij, 

Perisporiales. 

Melioia. 

Meliola mnss(B l^oi^ge on Ganssa carandaBli. 

Irmopsis, 

Irenopsis crotoms (Stevens and Tehon) Stevens on Mica L. 

CJicBtoikyrium. 

OhmMhynumpongami(B'BL2ftjn% Bp, noY, 

: ^ Mycelium superficial, epiphyllous, brownish or olivaceous, branching loosely at 

>ight angles or the hyphae aggregating to form prosenchymatous crusts, hyphal cells 
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eylindric or constricted at tte septa, 6“'20 |x long by 3-10 p. wide ; peritbecia globose, 
membranous, bearing 6-18 setae, 80-175 [X in diameter ; setae dark brown, non-sep- 
tate, occurring cMefly on tbe perithecia but frequently arising from the mycelium, 
20-50 p long and 4-8 {X wide ; asciclavate to ovate, shortly pedicellate, aparaphysate, 
8*spored, S2'50 [x by 15-28 p.; ascospores hyaline, clavate, 3-6 septate, 18-30 p by 
6-7 p. 

Oil Pongamia glabra Ymt. 

SPHiEBIALES, 

Pleosphceria. 

Plmsphceria dtri Ain, on Citrm medim 

Physahspora , 

Physalospora pandani Stevens and Peirce, sp. nov. 

Perithecia scattered, subepidermal, astromate, dark, globose, 13e5-220 p in dia- 
meter by 100-150 p high, with a short ostiolate protrusion ; asci 8-spored, paraphy- 
sate, slender, 70-90 p by 12-17 p ; spores elliptical 6-7 p by 13-16 p, hyaline to 
greenish, Ko pycnidia present. Mycelium hyaline to brownish. 

On Pandanus spp. 

Physahspora psidiiBte-vem and. 'Peivoe, nov. 

Perithecia scattered, astromate, buried, with a short protruding ostiolate beak, 
subglobose, 120-166 p high, 270-346 p in diameter;asci paraphysate, clavate, 8- 
spored, 72-100 p by 26-33 p, width uniform, base attenuate ; spores elliptical, hya- 
line, 13-16 p by 30-37 p. 

Gonidiopbores 10-13 p long ; macroconidia continuous, elliptical, hyaline, 6-8 p 
by 12-16 p ; microconidia continuous, elliptical, hyaline, 2-3 p by 5-7 p ; mycelium 
intercellular, hyaline to brown when old. ^ 

On Psidium guajava Tj, 

Miobothybiales. 

Asterina, 

Asterina saecardoam Thms, on Sideroxylori tomerbtosum'Roxh, 

Asterina sphcBroiheca Karst, and Roum. on Fiiea? negundo L. 

Stigmafea. 

Stigmatea piperis Bhem, on Piper spp, 

Dothideabes. 

Phylhdhora, 

P%Z?acAom P. Henn. on weeboWii Stapf . 

Phyllachmaeup}mUa(^(BWnom, on Euphorbia 
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Pezizaxes. 

Pseudopezim. 

Pseudopeziza repanda (Fr.) Karst, on Rubia cordifolia L. 

Ueedinales. 

Puocmia. 

Pmcinia artliraxonis (P. Heiin.) S 5 -dow and BntL ouAfthraxon meeholdu Stapf. 
PucGiniaoUegeris {Lk,)TnL oil GonicaulmglabrumCiiBS, 

Aecidium. 

Aecid/ium elmgni-htifoliw Petcli on Elcegnus latifolia L. 

TJredo. 

Vredo ugmessw oil Fhcourtia ^’^^^^ 

Lyoopeedales. 

Cyathus, 

Gyathiis dimorpbus Goh}). oil AracMshjpogeali, 

Phomales. 

Plenodomus. 

PUnodcmus incoqualis Sacc. and Trott. on Pandanus spp, 

Asteroma, 

Astemma piperis AILesoK on Piper B'pp. 

Diphdia, 

Diplodia sanseviericB Sjdovif on Sansemeria sf-p. 

Diphdia macrostoma Lev. on Seshania cegyptiaca Prain. 

Septoria* 

Septoria prosopidis rndPeitoe, Bp. nor, 

: Pycnidia numerons, snperficial; solitary, black, ampMgenons aM caubcole, 

160*260 ^ in diameter, convex to subglobose ; ostiole circular to oval, slightly raised, 
, 8-11 [i, conidia filiform, 3-septate, hyaline, 3 [i by 36 [x. 

On Pfosopis juUfiora DC, 
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Melanooniales. 

GlcBOsporium, 

Glmsparnm Raciborskii on Mangifm indim L. 

Ramularia. 

RimvuUria Ramsbottom oiiNyryiflma speciom, 

Myxos'poriim. 

Myxosporkm phormii Bpeg. on Pongamia glabra Yoiit. 

Myxosporkm microsponm Qooke mdJlMk. on Pyrus malm 

Pestalozzia. 

Pestalozzia palmarum Qko, on Borassus flabelUfer L, 

Moniliales. 

Oidium. 

Oidium carneum Gooko on Sida humilis. 

Oidkm oxalidis McAlp. onOmlis oomiculataJj, 

Otciwm eococari^zOT Stevens and Peircej sp. BO 

Effused to tufted, thougli not dense; mycelium scanty, braxiched, septate; 
sporopbores suberect to erect, short, septate or continuous ; spores 8-lOp. by 6-8|Ji, 
ellipsoid, hyaline, in sbort chains. 

On seed of Cocos ntto^em L. 

Botrytis, 

Botrytis Ginerea Pom, on Tndax procufifd>msli. 

Chloridium. 

CMoridiimepiphyllum (WsLl\t.) Ssi>GG,onGalotmpis giganteaBv, 

Altemaria. 

Elliot’s group 6 [ 1917 ]. on Pious bengalensk L, 

Altemaria, Elliot’s group 3, on Cassia fistula L, 

Cercospora, 

Cercospora lylhraoearum Heald and Wolf on Lager stroemia parvi flora Roxb, 
Cercoajjora foofoc Solheim, sp. nov. 
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Spots amphigenous, circular to angular, more or less vein-limited, tan to brown, 
darker below, 0*5 to 11 mm.; border definite, raised, narrow, same colour as spot 
or darker ; mycelium internal, olivaceous to olive-brown, 2*5(jl to 4|r ; olive-brown 
in tubercle and up to 6*5p. ; conidiophores hypopliyllous, densely tufted, rupturing 
the epidermis, mostly simple but occasionally witli alternate branclies, straight 
to flexuous, with a more or less bulbose base which is 4-5fx in diameter, tuberculate 
(tubercle 50-70 {X in diameter), subhyaline, 12-32 [x by 3*6-4[x, continuous or 1-2 
septate; conidial scars distinct, or indistinct, about l*5[x ; conidia cylindrical, 
subhyaline, 14-?(x by 2'5jx. 

On Iwra cocdnea L. 


CoTffnespora. 

Cory/hespora Golebroohiae Solheim, sp, nov. 

Spots amphigenous, circular to irregular, somewhat vein-limited, 1-4 mm., dark 
brown to reddish brown with light brown to whitish irregular centers above ; light 
brown to olive-brown with lighter coloured centers below ; border indefinite ; 
mycelium internal, hyaline to brownish, brown in stromata, r5-5*5fx ; conidiophores 
hypophyllous, moderately to fairly densely tufted, emerging through the stomata 
but protruding only a lirtle above the surface, at times also produced internally 
from the sides of the tuberculate stroma, simple, light brown to brown, 10-30fx 
by 2“3*5[x, 1-septate ; conidia cylindrical, catenulate, subhyaline to olivaceous, 
15-30[x by 2-3*2(x, continuous, probably septate at times. 

On ColebrooMa oppositifoUa Sm. 


lUosporium, 

Ilhsporiim Jiibisoi Stevens and Peirce, sp. nov. 

Sporodochia sunken in wounded cortex, irregular, light grey to yellow, becom- 
ing black, 60-90 [X in diameter ; conidiophores brown to olivaceous, branched, 3[x 
thick ; conidia hyaline, ellipsoid, l(x or 3(x. 

On Hibisous escuUntum It. 


Exosporium. 


I Sacc. on Borassus flabellifer L. 


REFERENCE. 

Elliot, J, A. (1917). Amer. J. Bot. 4, 439. 











GEOTMDNUT AS A ROTATION CROP WITH COTTON. 

BY ■ ' 

D. N, MAHTA, B.A. (OxoN.), 

EGonomic Botanist to Government, Gentral Provinces, 

■■' AND ■ 

D. L. JANOEIA, L.Aa., 

Assistantto the Economic Botanist, Central Provinces, 

(Beceived for publication on 1st April 1932) 

(With one text-figure) 

L Introdxjotoey. 

With the decrease in the annual rainfall, Berar of to-day is essentially a Jcharif 
crop tract and there are only a few isolated areas, such as the deep, fertile valleys 
of the Puma and Penganga rivers wheream&i crop can be successfully raised. 
The main hharif crops being cotton and y wr, the choice of rotation has, until 
recently, been confined to these two crops. Unfortunately, both these are soil 
exhausting crops and it is obvious that on land where they are grown continuously 
the soil will, in time, become denuded of those elements of which the crops require 
most. That this has been the case in Berar is indicated by the diminished yield to 
be seen in many places. There has been a tendency even to grow cotton year after 
year on the same land. The i)eriod of high prices, during and a few years after the 
Great War, actually gave an impetus to this pernicious practice. Cotton began to 
occupy larger and still larger proportion of the cultivators" holdings, while the 
production otjicar wsis reduced to the minimum required for domestic consumption. 
The result has been that the Berar soil over vast areas has become cotton sick 
The problem which confronts the Berar cultivator to-day is that of a low yield 
of cotton from an impoverished soil on which cotton and hay c been raised year 
after year, regardless of any consideration of rational farming. The recent fall in 
the prices of agricultural produce has accentuated the position and the cotton 
growers at present are faced with probably the most difficult economic situation. 
But out of adversity a lesson might be learnt. For, whatever the outcome of the 
present world depression, it is certain that the cultivator in future must pay greater 
attention to every detail of his industry. There is greater need than ever to 
increase the production per acre as an important means of decreasing the cost of 
production. The possibility of increased returns through the use of new and 
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improved varieties of cotton will not alone solve tke problem* To make a per- 
manent success of cotton, it must be made to form one member in a rotation of 
crops and not the sole crop that is taken off the same ground year after year. 
Once the cultivator can be made to realise this and practise a definite plan of 
rotation, a very great step in advance will have been taken. In the following pages 
are described briefly some of the successful results achieved on the Government 
Experimental Farm, Akola, in experiments with rotations. It now remains to 
persuade the growers to make use of the results obtained. 

II. Experimental. 

In investigations relating to the causes of the low yield of cotton in Berar, the 
question of rotation of crops has ranked first and an increasing amount of work has 
been devoted to it. It was realised at the outset that each crop in the rotation 
must be such as will commend itself to the cultivator as being worth while to grow, 
either as food or as a money crop, and this limited the choice, in our experimental 
work, to groundnut and^war. Investigations were, therefore, commenced to study 
the influence, under a definite plan of rotation, of groundnut and juar on the 
outturns of cotton, and to discover, if possible, the best order and combination of ^ 
these crops with cotton for securing the maximum profit per acre. 

Eotation experiments were accordingly laid out in one-tenth-acre plots, replicat- 
ed five times, on a uniform and level piece of land, typical of the black cotton soil 
of Berar. In the year before the commencement of the experiments, the land was 
cropped with jucir. The whole area was uniformly manured with cattle-dung at the 
rate of 40 lbs. nitrogen per acre and all cultural treatments, given before and after 
sowing, have been alike. 

The various rotations under experiment are outlined below ; — 

1. Cotton followed by groundnut alternately ; 

2. Cotton, j’wr and then groundnut ; 

3. Cotton two years in succession, then and then groundnut ; 

4. Cotton two years in succession followed by ; 

5. Cotton followed by jwr alternately ; 

6. Cotton year after year ; 

7. Cotton two years in succession followed by groundnut. 

These experiments have already completed eight years and the results of the 
,, ninth year have just come in hand. Table I appended at the end gives the yields 
of the three crops, cotton, jmr and groundnut, in pounds per acre, from 1923 to 
f ; r 1931, together with the average figures for the whole period. The last column of 
this table shows the percentage increase of the various rotations over rotation JJo. 6, 
. j yfith wdiich all others are compared. 
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During the course ol these experiments, many important ohservations have 
been recorded which throw some light on problems associated with cotton growing, 
but here it is proposed to confine attention only to the yield and financial aspects 
of the experiment. 

III. Effect OF different rotations on yield of cotton. 

Eig. 1 below shows at a glance the effect, on the yield of cotton, of the various 
rotations outlined above. 


ROTATION; 

1. Cotton — ^Groundnut. 

2, Cotton — Juar — Groundnut. 

а. Ootton—Gotton— -J-war—Groundnut. 

4, Cotton — Cotton— 

5, Ootton— Juar, 

б. Cotton after cotton. 

7. Ootton— Cotton— Groundnut, 




12*. i 


Scale ; 1 in.® 200 pounds 


Fig. 1. — Average cotton yields under different rotations during the 8 years 


1923-24 to 1930-31. 


V[ 

22o^ai^^o)^ iV'o. 1.— Of the seven rotations, this has given the highest average yield 
of per acre during four complete cycles of rotation. Compared with No. 6 '3| 

(cotton year after year) the increase obtained in No. 1 is 136 per cent, as will be seen |j 

by reference to Table 1. I 

Botation No. 2.— From the point of view of yield this occupies the second place. 

The percentage increase in yield over the standard — ^No. 6 — amounts to 130. If yield I 

were the only consideration, the choice would no doubt fall on No. 1 (cotton and . I 

groundnut alternately). The difference in increase between No. 1 and No. 2 is, Ij 

however, small, and in Berar where /wf constitutes not only the principal food of I 

the people but also provides 'Jcarbi ' (dry fodder) for their cattle, the best rotation, I 

as will be shown presently, is undoubtedly No. 2 — -a three-course rotation consisting j 

of cotton, and groundnut. 

Rotation No. 3.— This is a four-course rotation consisting of cotton, cotton, ywar 
followed by groundnut. Compared with other rotations this stands third in order 
of merit, The percentage increase in yield over the standard — ^No, 6 — being 102. 
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Rotations No. 4 and No. 5.— No. 4 is a ttree-course rotation of cotton^ cotton 
followed by juar, while No. 6 is a two-course rotation consisting of cotton and ywr 
alternately. These rotations represent roughly the type of rotation commonly 
practised in Berar, the number of years that cotton comes in the rotation being 
governed by the prices of cotton from year to year. 

It is curious, however, that in spite otjmr being a particularly exhaustive crop, 
both these rotations should give a higher yield of hajpas than the standard, No. 6. But 
a closer examination shows that juar reacts favourably on the succeeding cotton 
crop by diminishing the incidence of fungoid and insect diseases 'which, in no small 
measure, reduce the ultimate yield of cotton. 

RoMion No. 6.— Consisting as it does, of cotton year after year, this rotation 
has been introduced to serve as standard for purposes of comparison with other 
rotations; This is obviously the most irrational method of farming, a fact which 
is clearly borne out in our experiments by the continuous drop in yield from year 
to year, owing to the depletion of the soil and increase in the incidence of fungoid 
and other diseases. 

The average yield obtained under this treatment amounts to 321 lbs. per acre, 
under conditions of deep cultivation and manuring as stated above. It is obvious 
that the yield in the cultivators' field where cotton is grown year after year must 
be much less. 

Rotation No. 7 . — This is a three-course rotation, consisting of cotton, cotton, 
followed by groundnut. At the present low prices of cotton and owing to the 
exclusion from it of jwr, this rotation is hardly likely to find favour with the 
cultivator, although, in respect of yield, it stands fourth. 

IV. Financial ASPECT. 

In the introduction of a hew method of farming, it is the financial gain more 
than anything else that appeals to the cultivator. Even if he is convinced of a 
higher monetary return at the end of the season, there is usually the difficulty of 
securing a little more money which the adoption of a new practice may involve. 
It is necessary, therefore, that the rotation recommended to him is such as brings 
him a maximum of profit at a minimum annual outlay. Tables III, IV and V give 
details of the financial side of the experiment. The term ‘‘ gross profit " in these 
tables means a gain from which aU items of expenditure, except rent and taxes, 
which vary considerably, have been deducted. It is realised that the value and 
profit per acre under the various treatments are affected by any marked variation 
. ihe price of the produce in particular years, but as the experiment has been 
earii€ki put for a number of years, the results achieved can be considered reliable 
enot^ for aS practical purposes. 
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A study of the financial tables referred to above unmistakably points to 
rotation No. 2 as being far and away the best that can be recommended to the ' 

cultivator. The average annual expenditure amounts to Es. 45-4-0 (Table III) 
while the total value realised per acre is Es. 128-6-0 ; so that, with a. comparatively 
low cost of production, this rotation offer-s the largest gross profit per acre. 

It is true that rotation No. 1 gives the highest yield of kapas per acre, but 
from the financial point of view, it cannot compare with No. 2. This is due to 
twofold reasons— firstly, the high cost of groundnut cultivation and secondly, the | 

absence from it of juar which gives valuable and readily marketable fodder. It is | 

in fact for this reason that rotation No. 5 gives a profit of Es. 5-4-0 over rotation 
No. l. ■ \ 

In colunm 5 of Table IV, the figures of profit per acre derived from cotton ( 

alone, under the different rotations are given. It will be seen that the maximum 
profit per acre is again obtained from the three-course rotation — cotton, jttar, 
followed by groundnut. 

The results of these experiments which are summarised in Table V indicate 
clearly that the three-course rotation of cotton, jwar and groundnut is the most 
suitable one for the black cotton soil of Berar. There is little doubt that its 
extension will go a long way towards solving the problem of low yield of cotton in 
these provinces. 

V. Eeduction in cost op haevesting. 

In our investigation on the economics of crop production, the question of 
reduction in the cost of production of agriculturaT produce always receives the 
closest attention. Hitherto, the chief obstacles in the way of extension of ground- 
nut cultivation have been the high cost of lifting and scarcity of female labour at the 
rimp. of harvest. It is not unusual for the lifting period of groundnuts to coincide 
with cotton picking and as the latter operation is relatively light and easy, it is 
difficult to get suitable labour at the right time, with the result that a great part 
of the crop is lost or damaged. Furthermore, the harvesting of a good crop of 
groundnuts requires some 18-21 female coolies per acre and the difficulty of 
obtaining labour for this purpose, even if the Berar cultivator were convinced of 
the advantage of a three-course rotation, including groundnut, will have to be 
solved. It has been possible, however, to devise a method of simultaneous lifting 
and ploughing with a special plough. This method was successfully used on the 
Akola Farm last year and effectively solved these difficulties, at the same time 
resulting in a saving of about Es, 6 per acre. No loss of pods occurs and the land 
is at the same time ploughed up six months ahead of the next sowing season, thus 
‘giving in addition, the advantage of a cultivated fallow on which cotton can be 
sown early in the foUowiag season, just before the break of the monsoon. This 
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new plougli has been designed on the basis of experience gained in lifting ground- 
nut by means of a Babul plough without the mould-board. The essential thing in 
lifting groundnut is that the pods should not get detached from the plant, broken 
or left under-ground. The pods, in our early types, cluster round the plant about 
21 to i ins. below the surface of the ground and the new lifter is designed to cut an 
inch or so below the zone of pod formation and push up the complete plant without 
loss of pods or foliage. With the mould-board fitted, it can be used as a common 
inversion plough suitable for working on local soils from November to April An 
account of the working of this implement will be given elsewhere; here, it is pro- 
posed to confine attention only to the economic aspect of the question. 

The cost of harvesting groundnut by the ordinary method of puUing by hand 
and ploughing up the land subsequently, is given below 

■'Bs. A.' P.,' 

2 plouglimeni at As. 8 per day . • . , . . 1 0 0 

1 boy for tke pair in the fore , • . , . . 0 4 0 

2 pairs of ballooks . . . . . * . . 3 0 0 

Total * 4 4 0 

Work done by a team as above . . . . . * J acre per day 

Bs. A. P. . , 

Cost per acre • • . . . . . * 8 8 0 

Add wages of 21 female coolies (at As. 4 per day) required for 
lifting an acre by hand • • • • • • *640 

Total cost of lifting and ploughing ono acre . 13 12 0 

Compared with this, the method of simultaneous lifting and ploughing which 
is recommended to the Berar cultivator, results in a net saving of Rs. 6-6-8 as 




shown below :— 

Rs. A. P. 

I^our^ 

2 men at the plough working 9 hours per day at As. 8 each .1 0 0 

1 boy for driving the pair in the fore . . • • ^ ^ ^ 

2 pairs of bullocks at Bs. 1-8 ... . . . 3 0 0 

8 female, coolies for picking uprooted plants, tying and stacking 


at As. 4 per head^per day 

Work done by a team as above . 
Cost of lifting and ploughing one acre 


•* ) pi '''**!• *" , -i ' 

y ^ I f. f j * 

J i|, - '»«&>>' » ef V* I^**"-*^ ‘ "" 


Saving 


Total 


Bs. A. F. 
13 12 0 
^64 

.568 


2 0 0 

,640 

0’76 acre 
Bs. A. p« 
.854 



TMs motliod 18 thus ciieaper, employs less labour and gives the additional 
advantage of early ploughing before the land gets too hard. At the same time, all 
winter weeds are destroyed before seeding and the soil gets a longer period of 
exposure to the weathering agencies. * 


GBOUNUNUT AS A EOTATIOM CBOT WITH COTTOJf 


VI. Improved aROUHDHUT varieties. 


In addition to the rotation experiments described above, a considerable 
amount of selection and hybridization work has also been carried out on this crop 
and it has been possible to isolate pure lines of several nuts. All these types are of 
the erect habit w^hich seems more suitable for local conditions than the spreading. 
Some of these have proved very promising but those of Small Japan, Spanish 
peanut and a large-podded variety, known as AX-10, are most in demand. The 
latter has big nuts, is easy to harvest and possesses the capacity for high yield, 
which more than compensates the low yield of oil and the consequent low price 
which it fetches in the market. In the comparative tests at the Akola Farm, it has 
consistently given the highest outturn— 2,260 lbs,, per acre, which is nearly 100 per 
cent, more than the Small Japan and Spanish peanut types. This variety can be 
recommended as an excellent eating nut. 

Recently a new strain of Spanish peanut, known as AK 12-24, has been evolved.. 
This strain possesses bigger pods, like those of Small Japan, with which it also 
rivals in respect of maturity and oil-coutent. In cropping power, it is superior to 
both Spanish peanut and Small Japan and is comparatively easy to harvest. 


VII. AOKNOWIiEDaMENT. 


The investigations outlined above are partly financed by the Indian Central 
Cotton Committee to which our thanks are due. 
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in calculation as they did not cover a complete cyde period. 



Price of groundnut 
per palla of 
246 lbs. 


Price of ha^ per 
kbandi of 
784 lbs. 


Bs. a. p. 
65 0 0 
76 8 0 
110 12 0 
ll7 8 0 
86 8 0 
113 8 0 
169 8 0 
196 0 0 


OROUNDHUT AS A ROTATION CROP WITH COTTON 

Table III— 


* Omitted in calculation as they did not cover a complete cycle period. 

Table III-A* 

A<^ual prices of the different crops in the rotations in dif^ent seasons, 


Price of jmr grain per 
khandi of ten bags 
(2,1464 lbs.) 


Rs* 

Si>4 

p- 

46 

0 

0 

83 

8 

0 

101 

8 

0 

86 

12 

0 

108 

8 

0 

84 

0 

0 

101 

0 

0 

96 

0 

0 


Bs. a. 
19 1 

3 12’*' 

B Z* 
30 5 
18 4 

1—14 8 

36 12 


Year 


19304931 

19294930 

19284929 

19274928 

19264927 

19254926 

19244926 

19234924 


Rotation 


Rs. a. Rs. a. Rs. a. Rs. a. 

1 Cotton, groundnut 46 0 66 12 40 0 27 16 

alternately. 

2 Cotton, jttur, then . • 85 1 86 8 42 9 

groundnut. 

3 Cotton, cotton, Jwar • * •* SI ^ ^ ^ 

then groundnut. 

4 Cotton, cotton, then • • •• 16 7 14 

juar, 

6 Cotton, jwor alter- •• 47 2 99 3 1 7 

nately. 

6 Cotton after cotton *. 33 11 -—2 13 16 8 

7 Cotton, cotton, then . . . • 26 0 3 11 

groundnut. 


Gross profit per acre 


1 1923-24 1924-26 1925-26 1926-27 1927-28 1928-29 1929-30 1930-31 


Average 
gross 
profit 
per acre 
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Table IV. 


Average value, cost of froiuction and gross profit per acre for cotton crop onlg, calculated 
at rates at which cotton was actually sold during the years 1923-24 to 1930-31. 


Serial 

No. 

Rotation 

Average value 
of cotton 
per acre 

Average cost 
of production 
per acre 

Average gross 
profit 
per acre 



j 

Rs. a. p. 

, . , ■ 1 

Rs. a. p. 

Rs. a. p. 

, 1 

Ootton, groundnut alternately . , 

94 8 0 

40 13 0 

63 11 0 

2 

Cotton, then groundnut . . . 

99 5 0 

37 10 0 

61 11 0 

3 

Cotton, cotton, then groundnut . 

62 13 0 

42 6 0 

20 7 0 

4 

Cotton, cotton, then itwtf , . . . 

1 66 0 0 

40 11 0 

14 6 0 

5 

Cotton, juar alternately . . • 

50 7 0 

37 6 0 

13 1 0 

6 

Cotton after cotton . . . . . 

43 10 0 

36 1 0 

7 9 0 

7 

Cotton, cotton, then groundnut . 

71 7 0 

43 16 0 

27 8 0 


Table V. 

Average value, cost of production and gross profit per acre for complete cycle orcydes of 
rotations for all kinds of crops grown in rotation experiments during the years 1923- 
U to 1930-31. 


Serial 


Average value per acre 

Average cost of 
production per acre 

Average 

gross 

No. 


Amount 

Percentage 
No. 6 

Amount 

Percentage 
No. 6 

jirofit per 
acre 



Rs. a, p. 


Rs. a. p. 


Rs. a. p. 

1 

Cotton, groundnut alternately. 

106 13 0 

242 

63 3 0 

147 

62 10 0 

2 

Cotton, juwr^ then groundnut 

128 e 0 

294 

46 4 0 

128 

83 2 0 

3 

Cotton, cotton, jiMJir, then 
groundnut. 

107 1 0 

246 

44 13 0 

124 

62 4 0 

4 

Cotton, cotton, thenyttor ^ 

73 8 0 

168 

40 4 0 

112 

33 4 0 

5 

Cotton, juar alternately 

95 11 0 

217 

37 13 0 

105 

67 14 0 

6 

Cotton after cotton 

43 10 0 

100 

36 1 0 

100 

7 9 0 

7 

Cotton, cotton, then groundnut 

94 13 0 

217 

48 5 0 

134 1 

46 8 0 



VI — Gomtd^ 
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A NOTE ON A GRO WTH ABNORMALITY OF PtJNJAB- 
AMERICAN COTTONS. 

BY' 

MOHAMMAD AFZAL, B.Sc. (Agki.), 

Offg.QottonEeasmrch Botanist, Lyallpur. 

(Received for piilDlication on 9tli February 1933.) 

During certain years American cotton grown in the Canal Colonies of the 
Punjab are affected by a peculiar growth abnormality which appears to be of the 
nature of a virus disease. The attacked plants show very characteristic symptoms. 
The internodeSj petioles and leaves are extremely reduced in size. The leaves 
are crinkled, deformed and discoloured and yellowish patches give the leaves a 
characteristic mosaic appearance. The reduction in the size of leaves is also ac- 
companied by a reduction in the number of lobes. The stipules are usually of lie 
normal size, but are very light in colour. The floral organs are very much reduced 
in size. The apicalyx is discoloured, but not deformed. The shedding of buds 
and bolls is very high leading to a high degree of sterility of the plant, and the 
few bolls which are formed are very small in size and give but few viable seeds. 
The attack may either be confined to a few limbs, or the entire plant may be 
affected. The degree of severity of attack on the shoot is marked by a fairly 
proportionate reduction in the size of the root system. 

It has been ascertained that the disease is similar to ‘ stenosis " or t emailing 
described by Cook [1921] in the U. S. A. The attack is confined to American 
varieties while the indigenous cottons seem absolutely immune. 

The attack was first noticed during 1930, but it practically disappeared during 
1931, and appeared again with startling severity during 1932. The extent of damage 
done can be judged from the fact that in several fields at Lyallpur in which counts 
of the abnormal plants were made nearly fifty per cent, of the plants were affected. 
The attack conomences when the plants are six weeks old, and the disease 
is very virulent during August. ; 

REFERINGE. 

Cook, 0. F. {I924i) Agric,JRes. SSlS’o. 8. 
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A NOTE ON THE GHROMOSOME NUMBEES IN CLUSTER 
BEANS, GYAM0P8IS PSORALIOIBES D. C. 


. G. N. RANQASWAMI AYYANGAR, B.A., 

Millets Specialist, 

AND 

N. KRISHNASWAMY, B.So., 

Assistant, MUM Breeding SfcUion, Agricultural Research InsUt%ae, Gombatore. 

(Eeceived for puWication on 27tli March 1933.) 

Inteodtotion. 

As part of a campaign for the improvement of vegetables in Madras, the Millet 
Section nndertook the study of the cluster beans and that of certain other legumi- 
nous vegetables, with a view to their improvement. The need was keenly felt for a 
knowledge of the chromosome numbers of Cyamopsis psoralioides, and as no determi- 
nation of the chromosome number of this pulse had been published, the present 
study was undertaken. 

Mateeials and methods. 

Materials were collected from five distinct varieties representing difierences 
in plant habit, pubescence, and pod size. Young flower buds collected at intervals 
of one hour from 7 a.m. to 12 noon were killed in Bouin’s fluid as modified by 
Allan., A few drops of saturated solution of lithium carbonate in water were added 
during each dehydration stage. Paraffin sections were cut at lOp, thickness and 
stained in Heidenhain’s iron-alum haematosylin ; the sections were left for two 
hours in a saturated solution of lithium carbonate prior to mordanting. 

Obseevations. 

Mower buds about 2 mm. in width and 3 mm. in length were found to give 
good division stagra. The first divisions were seen in buds collected between 
7 a.m. and 9 a.m. and second divisions between 9 a.m. and H a.m. The spireme is 
rather thin and darkly stained. At synapsis the chromatin threads take less stain 
than the nucleolus. The chromosomes at diakinesis are very darkly stained. 

Several good cell plates were met with. In each variety chromosome counts 
were taken on an average of 60 pollen mother cells in first and second divisions. 
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CHROMOSOME NUMBERS IN CLUSTER BEANS 935 

Seven was found to be the haploid number in all varieties. Ohromosomes counted 
in diakinesis also gave seven pairs in each nucleus. A few of the cells of the ovary 
wall in division were observed and the chromosomes counted. In each of these cells 
14 chromosomes could be counted easily. 

The cluster bean (Cyamcpsis) is usually classified under Galegese of Papilio- 
natae [ Gamble, 1918], a tribe which is poor in edible legumes. The closely related 
tribe Viciese, though it includes such pulses of economic importance as Vicia, Lens, 
Lathyrus, Pisum, and Cicer, and which is also characterised by a basal chromosome 
number 7 [ Gaiser, 1930 ] does not include any characteristic legume, the tender 
immature pods of which are consumed whole. On the other hand, the well-known 
vegetables Dolichos and Phaseolus with characteristic edible tender pods are grouped 
under the Phaseolese with basal chromosome numbers 11 and 12 [ Ran, 1929 ; Gaiser, 
1930]. The improvement of the poor man’s vegetable, the cluster bean, is exceed- 
ingly desirable because of its hardy qualities but its improvement by hybridization 
is rendered difficult by the fact that the Viciese group contains no species with the 
desired characters whilst hybridization with species of the Phaseoleae group is 
difficult or impossible owing to difference in chromosome numbers. 

Summary, 

1. The chromosomes of the cluster bean, {Cyamcpsis psoralioides) are best seen 
in buds fixed between 7 a.m. and 9 a.m. 

2. The haploid number as counted in pollen mother cells is seven. 

3. The diploid number, as counted in cells of the ovary wall, is 14. 

4. These numbers are similar to those of the genera, in the tribe, Vicieae of 
Papilionatse. 

REt'ERENOES. 

Gaiser, X, 0, (1030) . . . • Bibiio^rapkta Genetica Q, 

Gamble, J, S. (1918) . • • , Flora of the Presidency of Madras, Part IT, pp. 275 — 

77, London, 

Ban, N. S. (1929) . . . . J. Ind.Bot Soe. 


ABSTRACtS 

OhsBXVBiioM on Tol/^posjmnum penicilh^ (The bajii smut iimgus). S, L. 

Ajbekae, and V, N* Liehite. {Current Sd. 1, 215, 1933). 

The taji’i smut fungus has "been grown on different (named) culture media. Spore-balls germi- 
nate without any resting period at least on artificial media. 

Infection tabes place at the time of flowering 5 but unlike the loose smut of wheat, no dormant 
mycelium is found within the grain, since sori develop in about two \veeks from the date of inocula- 
tion, In the aflected grain the fungus mycelium is found between the pericarp and the aleurone 
lajer, and eventually gives rise to spore-balls formed from its contents. The source of primary 
infection in the field has not yet been ascertained. 

Seed treatment has failed to cheek the smut. (B. U.) 


A study of the Mucorineae of the City of Bombay. S. L. Ajeekae, and K. 
Dhaemaeajulu, (J. Bot /S oc. IO 5 29-34. 1931). 

The writers describe briefly seven species of the M ucoiales isolated from dungs of various 
(named) animals in the city of Bombay. One of these is a new species and has been described by 

Lender under tbe binomial, 

Ibe two strains of the heterothallic species, racetnosns Br., could he distinguished by a 

slight difference in the luxuriance of their growth 5 but it is considered dcubtful whether there is 
any constant dimorphism in the heterothallic Mtcors in respect to morphological characters”* 
(B.K.U.) : 


Control of onion and chillie thrips in the light of recent researches. T. Jhavebi, 
and A. K. B, Cazi, {Poona Agric. Coll Mag. 28, 67-68. 193l)\ 

Brief notes are given on the life-history, habits and control of onion thrips, Thrips talml stnd 
chillie thrips, 

The life-history of the two insects is similar, and occupies from 3 . 'weeks to a month depending 
upon temperature and available nitrogen and water content of the soil. They reproduce by 
pai’thogenesis. Eggs are laid in the tissue of the leaf just below tbe epidermis, and can be seen when 
the leaf is treated with xylene. Both the thrips are negatively heliotropic, and prefer to feed and 
shelter in shady places. 

The chillie thrips are negatively geotropic, especially the second instar nymph and the adult 
This explains why the population of chillie thrips tends to be tie densest at the top of the plant. 

Onion thrips have a wide range of alternative food plants including the Gruciferse. No altei> 
native food plants of the chillie thrips have yet been discovered. None of the local varieties of chillies 
was immune from the attack of thrips. Soil and weeds act as carry -o^ er of these pests. 

Control measures of these pests based on cultural practices are indicated. (B, N. XJ.) 


■ ’thi:. 


pi % f -Vt'i • i I 


I;,!!/:' ' 


936 


MAYNAED-GANG-A RAM PRIZE. 


Applications are invited for “ The Maynard-Ganga Earn Prize ” of the value 
of Rs. 3,000 ■which wiU be awarded for a discovery, or an invention, or a new 
practical method tending to increase agricultural production in the Punjab on a 
paying basis. The prize is open to all, irrespective of caste, creed or nationality 
and Government servants are also eligible for it. Essays and theses are not 
eligible for competicion and applicants should prove that some part of their 
discovery, invention, etc., is the result of work done after the prize was founded 
in 1926. The Managing Committee reserves to itself the right of withholding or 
postponing the prize, if no satisfactory achievement is reported to it. All appli- 
cations in competition for the next award should reach the Director oi Agriculture, 
Punjab, Lahore, on or before the 31st December 1933. 
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PUBLICATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA. 


TO BE HAD FEOM 

THE MAHAGER OF PUBLICATIONS, CIVIL LINES, OELHl; LOCAL SALE DEPOT AT 8, HASTINGS 

STREET, CALGUTl'A 

AND ■ . 

ALL AGENTS FOR SALE OF GOVERNMENT PUBLICATIONS. 

A complete list of the publications of the Imperial Department of Agriculture in India can be obtained on applicationr 
from the above-mentioned. 

The fallowing are the publications of the last two years 

Scientific Reports of the Agricultriral Research Institute, Pusa (including the Reports of the Imperial 
Dairy Expert, the Physiological Chemist, Government Sugarcane Expert, and Secretary, Sugar 
Bureau), for the year 1927-28. Price, Rs. 2-6 or 4a. 3d. (to.) 

SR/29 Scientific Reports of the Agricultural Research Institute, Pusa (including th© Reports of the Imperial 
Dairy Expeit, Physiological Chemist, Government Sugarcane Expert, and Secretary, Sugar 
Bureau), for the year 1928-29. Price, Rs. 2-8 or 4«. 6d. (6aa.) 

NGAQ— SR/30 Scientific Reports of the Agricultural Research Institute, Pusa (including the Reports of the Imperial 

Dairy Expert, Physiological Chemist, Government Sugarcane Expert, and Secretary, Sugar 
Bureau), for the year 1929-30. Price, Bs. 3-8 or 65. (4 05.) . 

NCAG— Rl/27 Review of Agricultural Operations in India, 1926*27. Price, Bs. 2 or Sa. 6d. (4o5.) 

NCAG— Rl/28 Review of A^oultural Operations in India, 1927-28. Prioe, .Rs. 2-6 or 4». 3d. (805.) 

NCAG'~Rl/29 Review of Agricultural Operations in India, 3928-29. Price, Rs. 3-2 or 65. 6d. (Sets,) 

MEMOmS OF THE DEPARTMENT OF AGRICULTURE IN INDIA. 

Botanical Series. 

NCAG— MBot. 16/4 Vo!. XVI, No. IV. Further Studies of Indian Grasses and Grasslands, by W. Bxtbns, d.so. 

(Edn.), L. B. Kflkarni, M.Ag. (Bom.), and S. R. Godbolh, b,so. (Bom), 
Price, Re. 1-4 or 25. 3d, (3o5.) 

^CAG— -MBot. 16/5 Vol. XVI, No. V. Studies of Sugarcane roots at different stages of growth, by Rao Bahadub 

T. S. Vbneateaman, B.A., and R. Thomas. Price, As. 13 or la. 6d. (2a5.) 
NCAG — 16/6 Vol, XVI, No. VI. Studies in Indian Pul^ ; I. Lentil {Wrmm Jem lizm.), by F. J, F, Shaw, 

D.so., A.E.O.S., F.L.S., and Rakhal Das Bose, b.so. Price, Be, l-IO or 
25. 6d. (2a5.) 

NCAG — ^MBot. 16/7 Vol. XVI, No. VII. Pythium aphmUermatum (Eds.) Fitz. on Opuviia Dttow Haw., by T. S. 

Ramakeishna Aytae, M.A. Price, As. 8 or lOd, (2a5.y 

NCAG — ^MBot. 17/1 Vol. XVII, No. I. Non-dehiscence of Anthers in Punjab- American Cottons, by TeevOE TEocaHT, 

M.A. Price, As, 4 or 6d. (la.) 

NCAG — ^MBot. 17/2 V'ol, XVII, No. II. Studies in the Wilt Disease of Cotton in the Bombay Kamatak, Series 1, 

by G. S. KtrLHAENi, M.Ag., and B. B. Mtjndkue, m.a. ; with an Intro- 
duction by Habold H. Mann, D.SC. Price, As. 9 or la. (2as.) 

NCAG— MBot, 17/3 Vol. XVII, No. III. Cotton Wilt, by Jehangib Faeditnji Dasttjb, m.so. Price, Re. 1-4 or 25, 3d 

(2as.) 

NCAG — MBot. 17/4 Vol. XVIT, No. IV. Studies in Inheritance in Cotton by Mohammad Aezal, b.so. (Agri.), a.x.o.t.a. 

Price, As. 14 or la, 6d, (2m.) 

NCAG—MBot, 17/6 Vol. XVIT, No. V, Cotton Growing in India in relation to Climate, by Teevoe TEOiraHT, m.a., 
^ ^ and Mohammad Afzal, b.so. (Agri.), a.i.o.t,a. Price, As. 12 or la. 3d. (2aa.) 

NuAG>-^MBot. 17/6 Vol. XVII, No. VI. Effects of some Meteorological conditions on the Growth of Punjab- American 

Cotton, by Teevoe Teohght, m.a. Price As. .7 or 9d (2aa.) 

NGAG— MBot, 18/1 VoL XVIll, No, I. The Oalcnlation of Linkage Values. A Comparison of Various Methods, by 

; Mahbub Alum, MJ 80. Price, Re. 1 or la. 8 d (2aa.) 

NCAG-^MBot, 18/2 VoL Xyin, No. II. Root Development of Rice under different conditions of Growth, by R. L. 
- " Sethi, m.so., b.so., MJa.A,s. Price, As. 14 or la. 6d. (2aa,) 
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ORIGINAL ARTICLES 

RUSTS OF WHEAT AND BARLEY IN INDIA* 

A study of their aninial recurrence, li£e»histories and physiologic 

forms. 

BY 

K. 0. MEHTA, M.So. (Punjab), Ph.D. (Cantab.)/ 

Professar of Botany, 4gra College, Agra (U. P.) ^ ^ ^ ^ ^ ^ ^ ^ 

(Received for publication oa 29tli August 1933) 

(With Plate LXXV and one Map) 

This article has heea written at the instance of the Imperial Council of Agrioul- 
ttiral Research as a summarized account of the progress of investigations, on difier- 
ent aspects of the problem since April 1930. 

Wheat in India suffers from all the three rusts {Puceinia glumanm Erikss., and 
Henn., P* tfiticinia Erikss., and P. graminis Pers.) known on that host. The yelloAi 
rust (P. ^fomarwm Erikss., and Henn.) and the black (P. gmminis Pers.) are also 
common on barley but the dwarf rust of barley (P. simpkr) is very rare. Black 
rust of oats has only recently been found in the Nilgris during the course of these 
investigations. 

Study of the annual recurrence of rusts on wheat and barley in the. plains of 
India was started by the writer in the year 1923 and the relative importance of the 
various factors concerned has been discussed in previous publications [ Mehta, 1929, 
:i931].'' 

In the first publication mentioned above, the writer has already reviewed 
earlier and contemporary work done on this problem and it is unnecessary therefore 
to enter into those details again. 

During the period under report, work on the rusts of wheat and barley was 
extended in the following directions : — 

(t) For the study of incidence of rusts in relation to their dissemination, a 
large number of stations in different parte Of the country Were visited, 

* The previous article on the “ Annual outbreaks of rusts of wheat and barley in the plairs of India ” 
was published in this Journal — ^Vol. I, Part III, 1931. 
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in addition to xegular obseivatioDS that vere made ill the Ktimaon and 
Simla hills. 

{ii) Dissemination of Tusts has also been studied during the last three years 
with the help of slides that were exposed in aeroscopes (Plate LXXV, 
figs. 1-3) at different stations. During 1932-33 aeroscope slides were 
exposed at 46 stations over the area of wheat cultivation in the country 
as a whole. During the last two winters cellophane strips smeared with 
a little vaseline were sent up on ordinary kites frequently at Agra in order, 
to catch rust spores from the air. This device (Plate LXXV, fig. 4) proved 
more satisfactory than the automatic spore trap* used in. earlier trials. 
With the spore trap a slide could not be exposed for more than five 
minutes, whereas the Mte can be kept in the air for 2-3 hours at a stretch. 

{iii) A preliminary study of the physiologic forms of brown and black rusts of 
wheat was started in 1930-31, in order to see if samples of rusts from 
different parts of the country showed indications of the occurrence of a 
large number of forms, as has been found to be the case in America. 

Tests made with such samples showed striking resemblances in their parasitic 
behaviour on the diSerential hosts used by the American workers [Stakman and 
Levine, 1922; Mains and Jackson, 1926]. During 1932-33 a detailed study was 
made of 35 samples of black rust and 16 of brown. 

Nineteen samples of yellow rust were also tested on a set of Indian, Canadian 
and German varieties of wheat in order to select differential hosts suitable for 
further work on this rust. 



I. Incidraice of rusts in relaticn to their annual outbreaks. 

As stated above, this aspect of the problem has been under study for nearly 
ten years now and a considerable amount of infoimation has been obtained on over- 
summering of rusts in the uredo-stage in hills in different parts of the country. 

During the last three years incidence of msts has been studied regularly in the 
Kumaon and Simla hills, with the object of followmg up their outbreak on crops in 
those areas. In addition to field observations, miniature plots were started at three 
different altitudes in order to study the influence of weather conditions on the 
viability of uredospores at each locality thiougbout the year. 

Two of the miniature plots were attached to the laboratories, i.e., one at 
Almora (6,400 ft. above sea level) and the other at Simla (7,000 ft.) and the third 
, was established at Mnktesar (7,600 ft.). In September 1932 another miniature plot 
; was started at Narkunda (9,200 ft.). This study has given- valuable information on 

* The mechanism of ih« sjttc liap is esplsitsd ir. a rxic hy Mi. G. Chattciji, Mettcicli fisi ip chai^t 
ef the Upper Ah Obseiratoiy, A?ta (JjwJ. 3. Agrk. M. Yol. I, Part III, 1081 ,) 
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ovarsummering and oveiwintering of all tlie rusts iindor studyj besides throwing 
light on tbe more intricate plienomeiia connected with tlieir outbreaks on the 
plains. 

The present state of our knowledge of the annual recurrence of rusts in this 
country may be summarized as follows : — 

(1) Yellow bust (P. glumavum Ebikss., and Henn.), 

The writer has already recorded in previous publications that this rust cannot 
stand warm wes^ther. It has not been found to oversummer below 6,000 ft. At 
Almora (5,400 ft.), as was expected, this rust died every year in May-June in the 
miniature plot as well as in cultures under protection. At Simla (7,000 it.) it 
showed poor infection and rather low germination during summer in miniature plots 
but was not killed. At Muktesar (7,600 ft.) also it showed poor germination in 
June but recovered soon after that. During winter it has been found to flourish at 
ail the three places mentioned above. In fact this rust can vstand cold better than 
the other two as has been recorded before. 

It is interesting to note that during the last three years this rust has been 
found to break out on the new crop as early as November-Decembcr in the 
neighbourhood of Simla. Normally it breaks out on the new crop by the middle of 
January even at lower altitudes in the Simla hills. In the Kumaon hills also first 
outbreaks of this rust have been found to occur in November-December at Muktesar 
and it is fairly common at low’er altitudes 1-2 months later. 

The writer has recorded before that at the foot of the hills this rust appears 
on the new crop during January-Eebruary each year and on the plains a few days 
later. 

At comparatively high altitudes there is plenty of this rust on volunteer wheat 
and barley during summer and at the time of new sowings (October-November). 
The infection of the new crop at those altitudes as early as November-December 
therefore does not need any explanation. After infection of the new crop it seems 
to spread during early winter in spite of a comparatively long incubation period 
at that time of the year and is then blown down to the plains where it hreaks out 
on the crops during January-Eebruary, 

(2) BbOWN BUST (P. Ebikss.). 

This rust can stand warm weather better than yellow and has been found to 
survive during the last three summers at Almora (5,400 ft.). 

Both at Simla and Muktesar it flourishes throughout summer. 

During winter this rust seems to be unaffected at Almora and even at Simla, 
whereas at Muktesar its viability goes down considerably although it is not killed 

by the cold at that altitude either. 

B B 
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As regards its outbreak on the new crop (sown in October-November) 
it is interesting to note that at Muktesar (7,600 ft.) it has never been 
noticed before April. At lower altitudes in the Kunaaon hills like Almora 
it breaks out on the new crop by the month of March. At higher altitudes 
in the Simla hills like Mattiana (7,900 ft.) and Narkunda this rust has been 
found only in traces as late as the last week of May. In the neighbourhood of 
Simla and at lower altitudes it normally breaks out in the month of March. In 
the year 1931 it was noticed on the new crop near Simla as early as the end ol 
November but even up to the end of March 1932 it showed hardly one per cent, 
crop infection. 

It is important to note in this connection that in some of the submontane 
districts of United Provinces this rust breaks out as early as December-January. 

In order to make sure, if brown and black rusts that were found to survive 
during summer at Almora (5,400 ft.), can oversummer at lower altitudes also, an 
intensive search was made for them during May and June this year in the Kumaon 
hills- The information obtained is very valuable and clearly indicates that both 
these rusts can oversummer at altitudes as low as 3,500-4,000 ft. under natural 
irrigation. In the case of black rust, which can stand warm weather even better 
than brown, a fairly heavy infection was found on ^mlunteer wheat at Majhera 
(3,200 ft.) on the banks of the Kosi inthe third week of June, the hottest month of 
the year and nearly two months after harvest. Brown rust has been found to 
survive during May-June this year at ten different places in the Kumaon hills at 
altitudes of 3,500-4,000 ft. All these places^are situated on the banks of a river or 
its tributary. 


(3) Black BUST (P. £rmmim's Pees.). 

This rust can stand warm weather even better than brown and has been found 
to flourish each year during summer at Muktesar, Simla and even Almora (Sj'lOO ft,). 

During winter it suffers more than the other two and at Muktasar its viability 
feE down as low as one per cent, in December-January in the year 1931-32. In the 
year 1932-33 it was kiUed by the winter cold in the miniature plot at Muktesar and 
there was no trace of it on the crops either at that locality up to the end of March 
1933. 

At Narkunda (9,200 ft.) there was no trace of this rust in miniature plot (started 
in September 1932) or on the crops even up to the third week of May 1933. It is 
almost certain that at that altitude this rust cannot overwinter. 

At Simla it has been found to overwinter during the last three years although 
its viability during December-Pebruaiy fell down to 2-6 per cent. 





At AliHOra, it flourished durirg each winter in spiie of a lower viability than 
that of the other two rusts. 

As regards its outbreak on the new crops in hills it may be mentioned that at 
Almora^it appeared in the 2nd-3rd week of March during the last three years. At 
Simla it was noticed on March 29th this year near rusted volunteer wheat on which 
it had been found to overwinter. In the year 1932 it was absent up to the end of 
March and appeared in April. At Muktesar it has not been found before April any 
year and at Mattiana (7,9(>0 ft.) and Narkunda (9,200 ft.), in the Simla hills, it 
appears later still, f.e., May-June. 

As recorded above, this rust has recently been found to survive during May- 
June on volunteers at an altitude as low as 3,200 ft. on the banks of a river in the 
Kumaon hills. In that area it has been found at as many as 16 places at altitudes 
of 3,000-4,000 ft. on volunteers during the hottest part of the year. 

It is important to note that like the brown rust this also breaks out in the 
submontane districts of the United Provinces, Bihar and certain parts of Bombay- 
Deccan during December- January and sometimes a little earlier in the latter area. 


(4) Bbown black busts— oenebal obseevations. 

At the outset it may be mentioned that the phenomena connected with the 
annuai outbreaks of these two rusts on the plains are not so clear as in the case of 
yellow rust. Both these rusts oversummer in the uredo-stage at such altitudes 
which the yellow can stand. As a matter of fact they can oversummer even 
at altitudes 2,000-3,000 ft. lower than those for yellow as they can stand warm 
weather better than the latter* 

Judging from the late appearance of these rusts at comparatively high 
altitudes in the hills, wherefrom yellow rust in all probability disseminates to the 
plains, one cannot attribute their outbreak on the plains to the inoculum over- 
summering and then struggling against cold during winter at those altitudes. 

The writer has recorded before that these two rusts are disseminated to the 
plains in all probability, from comparatively low altitudes, where on account of a 
milder winter their uredospores, occurring at the time of sowing, infect the new 
crops rather early in the season (November-December). After their outbreak on 
the crops both these rusts should be able to spread from plant to plant during 
early winter at such altitudes. 

Otherwise it is difficult to explain their outbreak as early as December- 
January year after year in some of the submontane districts of the United Provinees 
and Bihar, 
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As stated above black rust is also known to break out in certain parts of 
Bombay-Deccan during the same period and sometimes even earlier, although there 
are no hills with high altitudes in that area. 

The writer is fully couvineed of the possibility of oversummeriiig of these two 
rusts, as mentioned above at altitudes in the neighbourhood of 3,000-4,000 ft. 
above sea level, certainly at such localities, which are adequately protected against 
direct sun by a favourable aspect and have plenty of natural irrigation or a fair 
amount of rainfall, well distributed during the critical period. Under moist condi- 
tions oversummering of black rust, at any rate seems likely at such localities, 
where the maximum summer temperature may only casually rise to 90-95®F. as 
indicated by some recent ohservations in the Kumaon hills. 

Judging from the fact that these two rusts normally do not appear before 
March at the comparatively bigb altitudes and not before May* June at places 
like Mattiana and Narkunda, it is clear that TAatorm and Ber&cm, the two 
alternate hosts, play little part as far as their outbreak on the plains is concerned. 

As a matter of fact excepting the Punjab, crops on tlie plains are normally 
harvested by the end of March and, as stated above, these rusts appear in certain parts 
of the country as early as December- January . By the time they break out at 
comparatively high altitudes in the hiUs, where the suspected species oiBerhem 
and Thalictmm occur, normaEy these rusts are in an epidemic stage on the plains 
as a whole . 

J On the strength of the study of incidence of rusts made in other parts of the 
country during the last three years it may safely be stated that— 

(i) In Siwalik range as well as Murree hills there are foci of infection, where 

the rusts under study oversummer as well as survive through winter. 

(ii) So far no evidence of oversummering has been obtained in the Central 

Provinces and it seems that the greater part of the inoculum for that 
area comes from the tract lying on the North. 

(iii) In Bombay-Deccan the study of the incidence of black rust made so 

far is very suggestive of the existence of foci of infection in the 
Western Ghats. 

(iv) All the rusts under study were found by the writer in the Nilgris in 

December 1931 and they were again observed on the crop as well as 
volunteers and tillers m October 1932. In the Palni hills also brown 
and black rusts were found on the crop at that time. It is probable 
therefore that the wheat and barley crops on the plains of Madras get 
\ , infected by the inoculum, which disseminates from the Nilgris and the 
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la tli6 light ol the iaforiaatioa that has heea collected with regard to these two 
rusts, the writer hopes that further work would sooa lead to the locatioa of places 
of earliest outbreak ia each of the important areas, wherefrom they maybe 
dissemiaatiag to different parts of the country. 

IL Study of the life-histories of brown and black rusts, 

(1) BbOWN BUST. 

During the last three years several inoculations were made on wheat with 
mQidioB^’poms tmm ThaUctmm jamnioum found near Simla hut the results were 
always negative. In this connection it is important to note that the species of 
ThaUclmm^ on which Jackson and Mains [1921] succeeded in producing aecidia by 
artificial inoculations in America, are not known to occur in this country. 

Barclay [1887] found aecidia on ThaUetfum minus also on the Tibet road. 
This host was only weakly infected in the experiments conducted by Mains and 
Jackson. 

According to Butler and Bisby [1931] and Barclay [1887] the aecidial material 
on both Thaliotmm jmammm and Thaliotrum minus probably belongvS to AeoiMum 
urceolatum Cke. 

It is interesting to note that the teleuto-stage of this rust is very scarce in - 
this country and often impossible to obtain. So far all germination tests with its 
teleutospores have been unsuccessful. It is not certain if there is an alternate host 
of this rust in India. 

This rust lives from season to season in the uredo-stage and has been found to • 
oversummer as well as overwinter at Almora, Simla and Muktesar, as stated in the 
earlier part of this article. The aecidial stage, therefore, does not seem to be 
essential to the propagation of this rust as well. The writer [1923] recorded a 
similar observation with regard to the annual recurrence of this rust in England. 
Arthur [1929] has also expressed that the full role of the aecidial stage of this rust 
is unknown as far as America is concerned and that it is not essential to its propa- 
gation, as the species is able to overwinter in the uredo-stage. 

(2) Black bust. 

During the period under report a large number of inoculations were made on 
wheat and barley with aecidiospores from the shorter aecidia occurring on Berberis 
lyeium^ and Betberis arislata'^ in the Simla hills. Several inoculations were made 
with aecidial material from Berberis mlyaris also, occurring near hTarkunda. Most 
of the inoculations were made at the spot on seedlings, which were carried in rust- 
proof cases. The material used showed good germination in most of the expeii- 


^ On th.030 three speoios AeGidium mantanum Bntl. ie more oommon than the shorter aeoidia. 
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meiits, wliici were coDductod on different dates. No infection of wheat or barley 
was obtained* The same applies to inocnlations made with aecidiospores from 
B&tbms coriaria.'^ 

After a large number of trials during 1930-32, germination of the teleutospores 
of black rust of wheat was obtained at Simla in April last. The material was 
collected from a miniatnre plot, where it appeared in November-December 1932. 
It germinated without artificial freezing, having been exposed to snow and natural 
conditions of weather during December-March. 

As many as 66 leaves oiBerhens vulgaris y on plants raised from foreign seed 
and 76 leaves on plants of the same species, transplanted from Narkunda were 
inoculated with the above material showing 30-50 per cent, germination. Out of the 
former 14 got infected, whereas no infection took place on the latter. 

Inoculations on Berberis coriaria^ B, lycium and B, aristaia have also yielded 
negative results so far, possibly due to comparatively warm weather duiing May- 
June, when most of the tests were made. 

This work is being continued and before long one should obtain infection of 
such species of J5cf6em as may be connected with the life-cycle of black rust in 
this country. 

Aecidiospores, from aecidia thus produced on J5. vulgaris raised from foreign seed, 
were put on wheat and barley and as was expected, rust appeared on both of them. 
That proves the academic part of the connection, as in Europe and America, be- 
tween black rust in this country and Berheris vulgaris^ at any rate, the foreign j)lant 
(raised from seed collected by the writer at Cambridge in 1930). 

Butler and Bisby [1931] have recorded the aecidial stage {Aeddium herberidis 
Pers.) of black rust on Berberis vutgansf^ B, aristata, B. lymm md B. imlellaia 
in the Himalayas. 

So far there is no evidence to show that the aecidial material on any of the 
indigenous species of Berberis is connected with black rusts of wheat or barley in this 
country. 

In order to solve the Berberis tangle finally, the writer proposes to continue 
inoculations with germinating teleutospores of this rust on all the four species, men- 
tioned above and some others, if found necessary. 

* On fchese three species Aecidium monianum Butl. is more common than the shorter aecidia. 

t Plants of Berberis vtdgarisy collected at Karkunda, were sent to the Forest Institute at Dehra Dun 
in order to make sure, which variety it is that occurs at that locality. The Forest Botanist has kindly 
supplied the following information : —(1) That true B, vulgaris Linn# does not occur in India accord- 
ing to Schneider’s Revision of the genus Berheris in Bulletin de I’Herbier Boissier, Vol. V (1905). (2) 

According to Parker’s Forest Flora of the Punjab with Hazara and Delhi (1924) the Narkunda plants 
, are JB, peUdaris Wall. (syn. JB. pacJi^acmtha Koehne), (3) According to Hooker’s Flora of British 
India they are B, iek, Imdgaris proper. 
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HI. Cross inootilations with yellow rusts of wheat and harW. 
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As elsewhere, tlie yellow rust of wheat has failed to infect barley and vice / 


I?. Cross inoculations with black rusts of wheat barley, Bmmiis paiulus and oats. 

(i) Black rust of wheat, as elsewhere, has been found to infect wheat and 

barley but not rye or oats. 

(ii) Black rust of barley infeoted barley, wheat as well as rye, though only 

moderately* 

(iii) a wild grass was found infected with black rust in a 
wheat field at Mattiana in May 1932 for the first time. This rust 
was cultivated on Bwmus pafulm and tested on the same host, wheat, 
barley and rye. All the four got infected although the infection on rye 
was rather mild, 

(iv) Black rust was also found on oats in the Nilgris in October 1932. As 

far as the writer is aware this rust has not been recorded from India 
before. After cultivation on oats for three generations, it was put on 
wheat and barley and as expected neither of them got infected, 
whereas oats were. 

Further work is in jnogress in order to make sure, if P. graminis secalis is also 
present in the black rusts of barley and Bromus patulus. Samples of rust from both 
these hosts have been tested on the differential hosts used by Stakman and his co- 
w^'orkers for physiologic forms of P. graminis triticL The rust on Bromus has yielded 
Forms XV and XLII and that on barley Form IXXV. 




V. Dissemination of rusts in relation (o first outbreaks on the plains. 

The writer [1931] has already recorded results of a preliminary study of dis- 
seminatioB with slides exposed in aeroscopes and those sent up on hydrogen balloons 
in the year 1929-30. Since then this work has been very much extended and during 
1932-33 slides were exposed in 47 aeroscopes at as many as 46 stations (shown in the 
map) over the area of wheat cultivation in the country as a whole. 

Data obtained during the last three years clearly show that at most of the 
stations uredospores of a particular rust were caught from the air well before its 
appearance on the crop at those localities. 

It is interesting to note that at some of the stations (Charts I-III, pp. 
9B6-962) a fairly large number of spores (20-172) was caught on a slide long before 
the appearance of rust at those localities. . 
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The following facts are of special interest (Chart III) :— 

(1) At Gorakhpur, which is at the foot of the Nepal range, spores of black rust 
were caught as early as the middle of November and that rust was observed on the 
crop on Jaauary 10th following. 

(2) At Patna, which is farther south, the same rust appeared on March 6th and 
its spoms were first caught on January 18th-21st. 

(3) At Hoshiarpur, which is at the foot of the Siwalik Eange, spores of blact rust 
were caught nearly 2 months earlier than at Lyallpur (central Punjab) and the rust 
appeared one month earlier at the former station. At Gurdaspur, which is abo at 
the foot of the hills, spores of yellow rust were caught nearly one month earlier 
than at Lyallpur and rust appeared at the latter station nearly 3 weeks later. 

Stations in the Punjab show late spore showers and consequently very late 
appearance of rusts. 

The writer hopes that he would be supplied with wind trajectories by the 
Msteocologioal Department and with the help of that information it may be possible 
to follow up the directions of dissemination over each of the large areas in the 
country from year to year. Such a study extended over a few years should be a 
considerable help in understanding the epidemiology of ruste and also the sequence 
of their appearance in the different parts, as well as the absence of one rust or the 
other, in certain parts of the country from year to year. 


Physiologic forms of rusts of wheat and barley. 

[(«) Black BUST. 

So far 36 samples of this rust have been studied in detail, i.e., 33 samples of , 
rust of wheat, one each of barley and Bromus patulus. Pour samples out of these 
have not yet been fully analysed and are under study at present. It would-be clear 
from Table I, appended herewith, that the collection is fairly representative. 

I So far only four physiologic forms of P. prawms iniici have been met with, 
i.e., Perm XV, XL, XLII and LXXV, as described in Stakman's key. Their dis- 
tribution is as follows : — 

AH the four forms occur in the Punjab, United Provinces and Bombay-Deccan. 
Porm XV is found also in Bihar and Madras ; Porm XL in Hyderabad-Deccan and 
Madras; Porm XLII in Central Provinces, Eajputana, Hyderabad-Deccan and 
lifcidras. 

In addition to the stock samples, referred to above, 21 single spore cultures 
i^B^ed fwpi different awpfes or their isolations have been tested and it is interest- 
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Another interesting feature of tie study is that seven out of tie 1 
eutial hosts used by tie American workers [ Stakman, Levine and 
Stakman and Levine, 1922], have been found to be susceptible to eac 
samples, their isolations as well as all the single spore cultures. 

(6) BsOWN RUST. 

Fifteen stock samples from different stations and ten single spore cultures of 
this rust have been studied in detail. Only two physiologic forms have been met i 
with so far, i.e., Form X and a New Form, which is not described in the latest key 
of Mains, Jackson and Johnston of U. S. A. [1926]. Two samples have not yet been 
fully analysed and are under study at present. 

Both the forms occur in the Punjab and United Provinces and the New Form 
' has also been found in Bihar and the Central Provinces. 

Form X has been picked up only in one single spore culture, the other nine 
cultures gave the New Form (Table II). 

(e) YELIiOW BUST. 

Nineteen samples of this rust and one single spore culture have been tested on a 
set of Canadian, German and Indian varieties with a view to select suitable hosts 
for the study of physiologic forms of this rust. 

The types of infection produced by different samples on the five German 
varieties, show indications of two out of the four forma described by Allison and 
: Isenbeok [1930] occurring in this country. As far as the Canadian and Indian 

[ ^varieties are concerned, there are clear differences in the type.^ of infection produced 

I by different samples on some of the hosts. 

: For further work on this rust, differential hosts that have recently been selected 

by Gassner and Straib [1932] in Germany will be used in order to identify the 
different physiologic forms that may be occurring in this country. 

Judging from the fact that in this country the rusts under study are propaga- 
ted from season to season largely by their uredospores, the writer feels convinced 
that the number of physiologic forms of each rust should not be large. It has been 
demonstrated in America that new physiologic forms originate by hybridization on 
the alternate host, i.e., on Berberis in the case of black rust. 

In India the total absence of any species of Berberis &nd Thalictrim on 
plains, which cover nearly 95 per cent, of the entire area under wheat, is another 
strong evidence in favour of the above contention. In the case of yellow rust no 
alternate host has so far been discovered anywhere. 


949 


1 


velve diffier- 
jeaoh, 1919 j 
of the 36 


960 


ITOIAN JOUEHAL OF AaBlCtJtttJEAL SCIENOfe 


[ 111 , Vt. 


The circumstantial evidemce connected with the outbreak of brown and black 
rusts OB the plains indicates that the alternate hosts of these rusts play little part 
in their annual recurrence. 

Further, the fact that seven out of the twelve differential hosts for black rust 
have been found to be susceptible to every sample or its isolation tested so far, is 
another indication of the occurrence of a small number of forms of that rust, 

A detailed account of work on physiologic forms of the rusts of wheat and barley, 
along with tables showing types of infection, will be published at a later date, when 
a sufhciently large number of samples of each rust has been tested. Arrangements 
have been made for this study to be carried out throughout the year between the 
laboratories at Simla and Agra and it would be possible to test lSO-200 samples 
per year in future. 

The writer wishes to express his warmest thanks to the following workers for 
their kind help and co-operation in these investigations 

(1) Drs. E. C. Stakman and C, 0. Johnston of the United States Depart- 

ment of Agriculture. 

(2) Drs. C. 0. Allison and K. Isenheck of the University of Halle, Germany. 

(3) Dr. M. Newton oi the Bust Eesearch Laboratory, Winnipeg, Canada. 

(4) Dr. E. J. Butler of the Imperial Mycological Institute, London. 

(5) Prof. E. L. Engledow and Mr. F. T. Brooks of the University of Cam- 

bridge. 

(6) Directors of Agriculture in the Punjab, United Provinces, Bihar and 

Orissa, Central Provinces, Bengal, Assam, Bombay-Deccan, Hydera- 
bad-Deccan, Madras, Mysore and Baroda. 

(7) Agricultui-al Of&cer, North-West Frontier Province ; Agricultural Officer, 

Baluchistan ; Agricultural Officer, Sind ; The Imperial Mycologist, 
Pusa ; Director-General of Observatories ; Agricultural Meteorologist 
and the Meteorologist in charge of the Agra Observatory. 

(8) All other officers of the Department of Agriculture and non-officials, who 

have helped in the exposure of slides in aeroscopes, and the collection 
of rust samples. 

The writer wishes to record his appreciation of the help rendered by Ms re- 
search assistants in the investigations under report. 

For the continuance of this work during 1930-1933 with necessary expansion of 
its scope, the Imperial Council of Agricultural Eesearch, India, kindly made two 
grante to the total value of Es. 51,500. The officers of the Council have been very 
^ kind and aceommodating and the writer widies to express his warmest thanks to 
them for facilitating the work in every way. 
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Summary. 

A brief account of the progress of investigations on rusts of wheat and barley 
since 1930 has been given above especially for the information of overseas workers, 
who may be interested in the problem. 

(1) Annual outbreaks of yellowrusts of wheat and barley on the plains of 
India are caused by wind-blown uredospores which are disseminated from com- 
paratively high altitudes in the hills, where they oversummer. 

(2) As far as the plains are concerned, species of Berberis md Tlmlioimm, the 
alternate hosts for black rust of cereals and the brown rust of wheat respectively 
seem to play little part in the yearly origin of those rusts. 

(3) The role of as an alternate host is yet very doubtful. 

(4) Scf&em raised from seed collected in England, has been success- 

fully infected by sporidia of black rust of -wheat in this country. Wheat and barley 
were infected by aecidiospores thus produced. The r61e of indigenous species of 
Berberis m fresh outbreaks of black rust is yet under study. 

(5) Brown rust of wheat and the black rusts of wheat and barley are in all 
probability disseminated to the plains from comparatively low altitudes, where on 
account of a milder winter their uredospores occurring at the time of sowing cause 
outbreaks on the new crop rather early in the season (November-December). Both 
these rusts have recently been found to oversummer at altitudes of 3,600-4,000 ft. 
under natural irrigation in the Kumaon hills. 

(6) Study of rust dissemination with the help of slides exposed in aeroscopea, 
practically aU over the country and those sent up on kites, has yielded valuable 
information with regard to the directions along which dissemination takes place. 

(7) So far only 35 samples of black rust and 16 of brown Lave been studied in 
detail. These samples have yielded only four forms of black rust and two of brown. 
Single spore cultures from samples of these two rusts have given no additional 
forms. 

(8) There is a strong evidence, both circumstantial and scientific, in support of 
the writer's contention, that the number of physiologic forms of the rusts under 
study should not be large in this country. 

(9) The complete absence of the alternate hosts for brown and black rusts on 
the plains, which occupy nearly 95 per cent, of the area under wheat and barley, 
is the most hopeful feature of the problem as far as measures of control are con- 
cerned. 

(10) Propagation of rusts by uredospores from season to season, which takes 
place in some other countries, is impossible on the plains of India in general, on 
account of the intense heat of summer. It is almost impossible for the uredospores 
to sqxvive after the harvest on the plains as a whole. 
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(11) On tlie basis of data obtained so fax ibe viiter isinlly conYinced of the 
fact that the problem under study is xiniq iiCj as far as tins coiintry is concerned 
and the possibility of controlling nists by the methods already stiggested, is 
infinitely greater than elsewhere. 
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Fig. I . 
Kg, 2 . 

Fig. 3 . 
Fig. 4 . 


Exphmtion to Plate LXXV, 

The half-slide aeioscoje designed by G. Chatterji, Meteorologist I-O, Upper 
Air Observatory, Agra, This instrument was nsed in 1929-30 and 1030- 
31 and is still in nse at fonr stations. 

Aeroscope or a weather-vane type of spore trap originally designed by P. M. 
Simmonds and used by the Canadian workers. This model has been in 
use for the exposure of stationary slides at most of the stations since 
1931, 

The above as seen from one end indicating the position of the glass slide, 
which is smeared with a little vaseline. 

A kite in action, designed by the writer. Two cellophane strips smeared 
with a little vaseline are pasted on the kite, W'hieh is kept a captive. 
Photograph shows the flag, which is intended for calculating the height 
up to which the kite flies. In most of the flights the kite reached an 
height of nearly 1,500 ft. above the ground. 
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Table I, 


Showing the fhysiologie forms of Puccinia gramiius tritici isolated from 33 samples 
of Bhoh Rust of wheat, a sample of Black Rust of barley and one sample of 
Bhck Rmt of 3mmm p&talm 

A* Bloch Rust of wheai 


Forms 
picked up 


Serial 

No. 


Original host 


Locality 


Province 


* One more isola- 
tion is yet to be 
tested. 


Punjab 


Narkunda 


Mattiana 
Simla (193041) 

Simla (1931-32) 

Bawalpindi 
Lyallpur * 
Ditto 
Ditto 


Utao U. S. A, 
Lo cal • 
Macoroni 
Blue chafif . 


Punjab Type 14 ♦ XL 
O.P.H.47. . XL] 

Local . . • XL 


Gurdaspur • . 

Sakrand • • 

Muktesar (1931-32) . 

tMuktesar*Al m o r a 
(1930-31). 

Almora • • 

Oawnpore . . 

Agra * • *1 

Agra (late sample) . 
Allahabad . 


Sind • 
United Pro- 
vinces. 


•One of the isola- 
tions is yet to be 
retested. 


Pusa 101 
Local . 


Bihar • . 

Central Pro- 
vinces, 


Pusa , 
Saugor , 

Jubbulpore 
Nagpur , 
Ajmer . 
Poona . 


Eajputana 

Bombay-Dee- 

can. 


Bansi . 
Pusa 4 


Ditto , 
Dharwar 


Ditto 


Niphad 


♦ One isolation m the case of each of these samples is yet to be tested in order to make sure if 
there is some other Form besides the one already iddatified. 

t From miniature plot at Almora, inooujated sample from Muktesar. 
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Table I— 


A. ShchSuatof FAccsJ— contd. 


Serial 

No, 

ProTiiiee 

Locality 

Original host 

Forms 
picked up 

Remarks 

28 

Bombay-Doc- 

Nipbad • . . 

Pusa4 

XLII 


29 

30 

can. 

Hydor a b a d - 
Deccan, 
Madras : 

Hyderabad . . 

Bellary • , 

140 G. P. . . 

Local . . . 

XL and 

XLII 

XL . 

^ One of the isola- 
tions is yet to be 






retested. 

31 


Kotagiri . . ' . 

Wheat tiller 1931 . 

XLII and 
XV. 


g2 

33 

»» . • 

Kodai Kanal (1932) . 
Ketti(1932) . . 

Locoal . . . 

99 • * 

XLII 

XV . . 

* One of the isola- 
tions is yet to be 



B. Black Mmt of barley and 3T0xn\xB ’pdtixdu.s 

retested. 

1 

United Pro- 

Almora . . . 

Barley . 

LXXV 


2 

vinces. 

Punjab 

■ 

Mattiana 

Bromus paiuhts, , 

XV and 

XLII. 



* One isolation in the case of each of these samples is yet to be tested in order to make sure if 

there is some other Form besides the one already identified. 


Moans of infeo- 13 


>£V From Stakman’s 4 4— 4= 3+ 4= 4= 4= 3H 

key. . 

S. S. test . 4— 4 4 *4 4 4 4 4 

K:L E’romStakman’s 4-j- 4+ 4 4-|- 4+4+ 4 4- 

S. S. test . 4 — 4 4 4+ 4+ 4+ 4 4 

fJl From Staknian’s 4400; 4+444 

' S. S. test .4 4 0 ; 0 ; 4 4 4 4 

Xy From Stakaian’s 4 3+ 2-|- 0; 3+ 3+ 3+ 4- 

..... , . ^ . A. A A \ A ± 


3+ ■ 4= 4= 4= 3++' 3++ '3 + + 4+' 1 


♦ infection on Eeliaiice and Vernal in the two cases. 

• . IfiolftUons from Verral and Einkornkave been test edlhriccs from difierent samples and an Lsolation 

" ' fpin Kbapli Has been tried once. In owrjr ease tke resalts were identical, 


Gomparison of means of infection given in Stalmcm's hey and those obtained from 
single spore eiiltures tested here so far. 
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Table IL 

Showing the physiohgio forms of Puceinia triticina isolated from 15 samples of Brown 

Rust of wheat. 


Province 


1 Punjab 


4 United Provinces 


Locality 


Narkunda * , , 

Simla (1930-31) . 

Lyallpur , 

Muktesar-Almora* (1930 
31). 

Muktesar . 

Gorakiipur . 

Lucknow . ♦ 

Obandausi 

Almora 

Allahabad . . 


Original 

host 



11 „ . Oawnpore 

12 „ . Agra . 

13 Bihar . . , Pusa V 

14 Central Provinces. Nagpur 

15 „ . Jubbulpore 


Nos, 1, 2, 4, 5, 6, 7, 13, 14 and 15 gave the same Form, t.e., a New Form not described in Mains, 

Jackson and Johnston’s key. 

Nos;3,10, ll andl2 . , , yielded Form X. 

Nos. 8 and 9 . . . . gave two Forms each, i.e., the New Form and Form X. 

* From miniature plot at Almora, inoculated with sample from Muktesar* 

Comparison of the means of inf eciion given in Mains^Jachson and Johnston’s hey 
and those obtained from the various tests rrnde here. 


Form 

Means of infection 




1 



'i 1 II i 

^ >3 % ^ a 

X Mains, Jackson and 4 4 4 4 4 1~-21— 21 — ^2 

Johnston’s key. _ . , , . . , , , 

Tests made here . . 4 4 4 4 4 1--2 2--3 1—2 looked up in stock tests, 

isolations and one single- 
spore culture. 

New Tests made here. . Oj 1-2 2—30-11—21—2 0; 1—2 Picked up in stock tests, 

isolations and 9 single- 
spore cultures. 


Only two phjisiologio forms have been met with so far, Le., Form X and a Form not mentioned in 
Mains, Jackson and Johnston’s key, and is therefore styled as a ‘ New Form*’ 
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Chart L 


SUmm ly iam of mrlml spo,e ohm, mi (fc *.te of rmt oppmmnoe «( dijferm 

■ 8tatio7is {1930-31), 






Bates on 
which a 
fairly large 
number of 





Province 

Btation 

Bates of 
earliest 
spore 
shower 

spores were 
caught at 
some of the 
stations well 
before rust 
appearance. 
Figures in 
brackets 
show the . 
number of 
spores 

Bates of rust appearance 

125 

*§ 

■ . mu 

W 




Black 

Brown 

Yellow 




Aet'i 

oscope slides. 




1 

Punjab . 

Lyallpur . 

Uthto 17th 1 
Jan. 1931. 


1st week of 
April 1931. 



2 

S9 

99 \ 

17 th to 21st 
Jan. 1931. 



' ,,, '■ j 

3th February 
1931. 

3 

United 

Provincos 

Agra . 

2 1st to 24th 
Jan. 1931. 


1 22nd Febr- 
uary 1931. 



4 

5 

■' ' 9* 

99 

OaWnpore • 

99 

17 th to 21st 
Jan. 1931. 

mh to 21st 
Jan. 1931. 

... 

2nd week of 
February 
1931. 

2nd week of 
February 


6 

99 


28th to 31st) 
Jan. 1931. 



j 1931. 

2nd week of 
F e b r uaiy 
1931. 

17 

» 

8 

9 

99 

f> 

Gorakhpur. 

99 

1st to 4th 
Bee, 1930. 

1st to 4th 
Beo. 1930. 

26th to 31si 
Bee. 1930 

L ■ ' ... ■ 

Last week of 
Becember 
1930. 

Last Week ol 
Becember 
1930. 

Last week of 
Becember 
1930. 

1C 

> Central 
Provinc* 

Nagpur 

dB : , 

. 3rd to 7tl 
Jan. 1931 

1 14th to 18tt 
, Feb. 1931, 
(31). 

1 21st Pebru- 
ary 1931. 



} 




Balloon alidi^ 

8. 




1 United 
Provino 

Agra . 
es ^ 

, 20th Beo 
1930. 


22nd Febru- 
ary 1931. 

... 



Serial Ho 



StatiotTi 


Bates of 
earliest 
spore 
shower 


Dates on 
^hich a 
fairly large 
nnnaber of 
spores were 
caught at 
some of the 
stations well 
before rust 
appearance. 
Kgures in 
braohets 
show the 
number of 
spores 


Bates of rust appearance 


Yellow 


Black Brown 


Showing the dales of earliest spore shower and ihe dates of 'iust appearance at different 

stations. {1931-32). 




9t.h to lath 
Jan.l9a2. 

24th to 27th 
Bee. 1931. 

aoth Dec. 
1931 to 2nd 
Jan. 1932. 
27th to 30th 
Jan. 1932. 


3tdWeekof 
February ' 
1932. I 


20tbto 23rd 3rd to 6th; 
Jan. 1932. Feb. 1932 
(30). 

30 th Jan. to 
3rd Feb. 

1932. 

IRtlito 20th — 

Bee. 1931. 


2nd week of 
February 
1932. 


13th to 17 th 
Beo. 1931. 


6th Febru- 
ary 1932. 


24th to 27th 
Bee. 1931. 

20th to 24l:h 
Dec. 1931. 


20th Decem- 
ber 1931. 


1 Punjab . J-yallpTir 


Ru p a r 
(Bbiampur.) 


4 United Agra 
Provinces 


7 ,, (luraklipur, 

8 Bihar . Pusa 


BUSTS OF WHEAT AHB BABLEY IN INDIA 


Chabt II. 


22nd Januaiy 
1932. 


1 15th January 
1932.. 


15 th January 
!• 1932. 


2nd week of 
February 
1932. 


1st week of 
J a n u a ry 
1932. 


IGth Janua- 
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Bates on 
•w hich a 
fairly large 
number of 
spores were 
caught at 
some of the 
stations well 
before rust 
appearance. 
Figures in 
, brackets 
show the 
number of 
spores 


Dates of rust appearance 


Bates of 
earliest 
spore 
shower 


Station 


Province 


Brown 


AfTO$oop6 slides— ‘OOjxtd, 


14th to 18th 
Nov. 1931. 


Rajputana 


26th Febru- 
ary 1932. 


March 


Central 

Provinces 


Nagpur 


March 


March 


Jubbulpore 


26th Novem- 
ber 1931t. 


Dharwar 


Bombay- 

Deooan, 


Poona 


ember 1931. 
1st week 
of Janu- 
ary 193241 


Niphad 


2nd Jan. 29th Jan. 3rd week of 
1932. 1932 (46). February 

1932. 

11th J a n. ... ••• 

1932. 


United Agra 
Provinces 


2nd week of 
February 
1932. 


2nd week of 
February 
1932. 


♦ klaterial was collected by one of the assistants on that date. 
f Very early spore shower. The vcacy first slide exposed caught spores. 
X drop sown very late. 
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Chart III. 

Moudng t^e dates of ea ftiesi s fore shower and the dates of rust appearance at different 

stations'^ {1932^3)4 


Station 

Dates of 
earliest 
spore 
shower 

Dates on 
which a 
fairly large 
number of 
spores were 
caught at 
some of the 
stations well 
before rust 
appearance. 
Figures in 
brackets 
show the 

Dates of rast appearance 



number of 
spores 

i 

Black 

Brown 

Yellow 



Aeroseope slides. 



L 3 ?allpnr . 

1st to 3rd 
Apl. 1933. 


20th April 
1933. 

, 


. 99 • . 

29th Mar. 
to 1st Apl. 
1933. 


*•* 

Middle of 
April 1033. 


»♦ • 

7th to 11th 
Jan. 1933. 

■■■ *** ' 


... 

20th Febru- 
ary 1933. 

Gnrdaspur. 

13th to 17th 
Deo. 1932. 

• •• 

Middle of 
March 
1933. 


27th Janu- 
ary 1933. 

Hoshiarpur 1 

27th to 31st 
Jan. 1933. | 



; ♦## 

Rawalpindi 

2nd to 6th 
Mar. 1933. 


End of 

April 1033. 



>» • 

6th to 9th 
Mar. 1933. 


... 

2nd week of 
ApriU933. 


>» • 

2nd to 6th 
Mar. 1933. 


.... 


16th March 
1933. 

. Simla . 

21st to 26th 
Dec. 1932. 


29th March 
1933. 

... 

... 

‘ 99' • • 

6th to 9th 
Oct, 1932. 


... ■ 

9th March 
1933. 

... ... : 

• 99 * * 

18th to 21st 
Sep. 1932. 

12th to 16 th 
Oet. 1932 
(50). 

• * ^ 


26th Hovem* 
her 1932. 

. Sakrand 

10 th to 14th 
Feb. 1933. 

20th March 
1933. 

... 


i Agra ; 

0S 

31st Dec. to 
3rd Jan. 
1933. 

'••• v' 

5th March 
1933. 



• 99 • 

4th to 7 th 
Feb. 1933. 



19th Febru- 
ary 1933. 



3 

4 

5 

6 

7 

8 
0 

10 

11 

12 

13 

14 


Province 


Punjab 


Sind 


* Such station??, wherefrom no information was received about rust appearance or where no rust 

appeared, have been excluded from this list. 
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ProvincG Station 


Bates of 

Dates on 
which a 
fairly large 
number of 
spores Were 
caught at 
some of tho 

earliest 

stations well 

spore 

shower 

before rust 

apiiearanoc. 
Pigures in 
brackets 

' ■ 1 

show tho 
number of 
spores 


Dates of rust appearance 


Aeroscope slides — contd. 


15 United Agra, 

Provinces 

16 „ , Cawniiore f 


I tf 

i ■ ; 26 

I'- ' 27 Bihar 

' 

• ' ' ‘A rrn f n 


Cloraklipur 


Nawabgan; 

(Bareilly). 


Almora 


4th to 7tii 
Peb. 1933. 
16th to 19th 
Jan. 1933. 

2nd to 6tl\ 
Peb. 1933. 

19th to 23rd 
Jan. 1933. 

I9th to 22nd 
Bov. 1932. 


'1st week of 
Pebrua r y 
; 1933. 


loth Janu- 
ary 1933. 


1st Week of 
Pelirua r y 
1933. 


14th to 19th 
Nov. 1932. 

9th to 13tli 19th to 23rd Is t week of 
Jan. 1933. Peb. 1933 M a r c h 
(90). 1933. 

17th t-o 21st 
Jan. 1933. 

17th to 21st 17th to 2lst 
Jan. 1933. Jan. 1933 

(35). 

2nd to 5th 21st to 26tL 12fh March 
dan. 1933. Jan. 1933 1933, 

(20). 

5 th to 8th 
Jan. 1933. 

29th Oct. to 11th to 15th 
2nd Bov. Bov, 1932 

1932. (37). 

14th to 17th ... 13th l^ebru- 
Bov. 1932. ary 1933. 


f The mformation received stated **Kiist appeared in the first week of Pobruary”. Bo rust 
/ . was specified* 


Ist week of 
Pebrna r y 
1933. 


18t.Ii March 
1933. 


15th Pebru- 
ary 1933. 


1st week of 
Pebrna r y 
1033. 


10th Jaiiu- 
aiy 1933. 


Ist week of 
Pebrna r y 
1933. 


25 th Deoein- 
bor 1932. 


' . : was s]?ecified* 






Serial Kq. 
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Chart 


Bates on 
which a 
fairly large 
number of 
spores were 
caught at 
some of the 
stations well 
before rust 
appearance. 
Figures in 


Bates of 
earliest 
spore 
shower 


appearance 


Province 


Station 


brackets 
show the 
number of 
spores 


Black 


Brown 


Yellow 


Aerosco^e slides — contd. 


Bihar 


29thBecem- 
ber 1932. 


3rd Pebni* 
ary 1933. 


Patna 


March 


Last week 
of January 
1933. 


Week 
of January 

mz. 


Sabour (Bha 
galpur). 


2nd week of 
March 
1933. 


Rajputana 


11th March 
1933. 


Ce n t r a 1 
Provinces 


25th Febru- 
ary 1933. 
14th March 
1933. 


Jubbulpor< 

Khandwa 


Bombay- 

Beccan, 


17th Janu- 
ary 1933. 

5 th Bccom- 
ber 1932. 

11th Decem- 
ber 1932. 


Bharwar 


Poona 


Niijbad 
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Ohaet lil—eonid. 


Bates on 
which a 
fairly large 
number of 
spores were 
caught at 
some of the 
stations well 
before rust 
appearance. 
Figures in 
brackets 
show the 
number of 


Bates of rust appearance. 


Bates of 
earliest 
spore 
shower 


Province Station 


Yellow 


Brown 


Black 


Aeroscope didea — contd. 

2nd Janu- 
ary 19^3. 

22nd March 
1933. 


Arbhavi t . 17th to 20th 
Oct. 1932. 


Bombay- 

Beccan, 


Bohad 


1st March 
193S. 


Baroda 


1st week of 
Pebrua r y 
1933. 

19th Janu- 
ary 1933. 


Mehsana 


Hy dera- 
b a d - 
Beccan. 
Mysore 
State, 


Parbhani . 14th to 17th 
Sep. 1932. 


4th Febru- 
ary 1933. 


Bangalore . 8th to 12th 27th Jan. to 
Bee. 1932. 1st Feb. 

1933 (172). 

Mysore . 31st Bee. to 
3rd Jan. 

1933. 

Chital- 24th to 27th 
droog §. Boo, 1932. 


End of 
November 
1932. 

27thBecem- 
ber 1932. 


Madras 


Ooimbatore 16 th to 18 th 
July 1932. 


Kite slides. 


Unite d 
Provinces 


14th Bee. 16th Feb. 5th March 

1932, 1933 (28). 1933. 

6th Jan. 

1933. 

17th Bee. 


19th Febru. 
ary 1933. 


15th Febru- 


Jlnfcamatlonof rust appearajxce was received from Masuguppi, which is 12 miles away from 
Arbhavi, 

I The information Was received late in April after several reminders and may not be correct. 





1?HE RBLATITE GROWTH BATE, THE GARBOHTDRATE 
CONTENTS AND THE YIELD OE THE RICE PLANT 
{ORYZA SATIYA jO.) UNDER DIFFERENT 
TREATMENTS. 

BY 

R.H. DASTUR, 

AND 

A. R. PIRZADA, 

Botany DefarimentyEoyallmtiMe of Science, Bombay. 

(Eeceived for pixWication on 4th May 1933) 

(With thirteen text-figures), . 

Introduction. 

As tlie work done on the salt requirements of the rice and the effect of 
ammoniacal and nitrate nitrogen on its growth and yield are amply reviewed in 
previous contributions on the physiology of the rice plant by one of the authors 
[Dastiir ; 1931, 193^, 1983] in this Journal, it is not considered necessary to do 
so here again. 

As a result of the study on the intake of nitrogen by the rice plant, it has been 
recently suggested by Dastur and Malkani [1933] that a mixture of two fertilizeis, 
nitrates and ammonium sulphate, will prove better than any one used singly. 
It has also been shown by various workers that by manuring the plants with 
ammonium sulphate in the early stages and with potassium nitrate in the later 
stages (at the flowering time) an increased yield of grain and straw is obtained* 
This view is based upon two conceptions, firstly the nitrates are absorbed in the 
later stages and secondly the assimilatoiy activity is greatest at the flowering stage. 
Both these conceptions are open to objections. The absorption of nitrates is 
fairly high before the flowering stage and the view that tie nitrates are assimilated 
as soon as they are supplied to the soil at the time of the maximum assimilatoiy 
activity does not seem to be sound, as before the nitrates are assimilated and 
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incorporated into tLe substance of the plant, a long period must intervetie and 
therefore it should be more profitable to supply the nitrates at an earlier stage 
than at the flowering stage or the milk stage. The manuring with nitrate at the 
latest stages of growth may produce some effect but that is not the maximum 
effect. . 

It was therefore undertaken to test the two points discussed above, the 
effect of mixture of nitrate and ammonium sulphate on the growth and yield of 
the rice plant as compared to any one used singly on equal nitrogen basis and 
secondly the best time of manuring the plants to obtain the maximum effect. So 
far as the authors are aware no attempt has been made previously to study the 
effect of a mixture of the two forms of nitrogen supplied in one dose to the rice 
plants on their growth and yield, and if the findings of Dastur and Malkani [1933] 
about the intake of nitrogen from ammonium salts and nitrates obtained from 
water culture experiments hold good in the case of plants grown in the soil, there 
should be a better growth of the rice plants as compared with the plants ferth 
lized with either ammonium salts or with nitrates singly on an equal total nitrogen 
basis. It would be also profitable to investigate systematically the effect of manur-' 
ing tlie plants with two forms of nitrogen, on their growth and yield at successive 
stages, as that would lead us to determine the period at which manuring produces 
maximum effect. 

In order to study the effect of three forms of nitrogenous fertilizers on the 
growth of the rice plant, it would be necessary to determine the relative growth 
rate of tbe plant at Biiccessive stages of growth, as the relative growth rate would 
bo the correct criterion to study the differences in growth made by the plant under 
different treatment. 

It is also undertaken to determine the carbohydrate contents of the rice plants 
manured in these three different ways at each stage of growth, as it would then 
be possible to study the effect of ammoniacal and nitrate nitrogen on the assimi-’ 
latory activity of the plants. 

Investigation. 

Brice seedlings of the Columba variety No. 4-2 were obtained from the Bice 
Besearch Station, Karjat, and were transplanted in July 1930 in the beds in the 
garden of the Institute. The usual care was taken to use uniform samples of soil for 
all beds and it was also ascertained that the soil did not lack in any of the necessary 
elements- ' Natural manure in equal doses was mixed with the soil. Arrange- 
ments for im;^ufidin^ #ater were made. Two rice seedlings were put together to 
inake one plant at the time Of transplantation in the beds at equal distances. 
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On the 1st August a rice plant was uprooted, the fresh weights of the leaves, 
culms and roots were noted. The volume of roots was measured by displacement 
of water in the measuring cylinder and the total area of leaves was recorded. The 
leaves, culms and roots were cut into small pieces and taken for extraction of 
carbohydrates. In all cases of extraction of carbohydrates leaves were taken for 
extraction separately from the culms and roots in separate round-bottom flasks. 

On the Ist August one group of plants was manured with potassium nitrate, 
2nd group of plants was manured with ammonium sulphate and a third group of 
plants was manured with a mixture of potassium nitrate and ammonium sulphate. 
The doses of fertilizers used were calculated on equal nitrogen basis so that the 
total nitrogen supplied to each group of plants was the same in three cases. 

On the 15th August one plant was uprooted from each of the three groups 
and the fresh weights of leaves, roots and culms, the volume of the roots and the 
total area of the leaves, were recorded, and the leaves, culms and roots were cut 
into small pieces and taken for the extraction and estimation of carbohydrates. 
Side by side a plant from the unmanured bed was taken and similarly treated. 
On the 16th August three groups of plants, not manured before, were separately 
manured with potassium nitrate, ammonium sulphate and a mixture of the two 
as on the 1st August. 

On the 1st September one plant f rom each of the three groups of plants manured 
on the Ist August and one plant from each of the three groups manured on the 
15tli August were uprooted and treated as before. A plant from the unmanured 
group was also taken and similar values obtained. 

On the 1st September the 3rd series of three groups of plants, not manured 
b(3fore, were separately manured with the three fertilizers as on previous occasions* 

On the 16th Septemlier one plant from each of the nine groups manured in 
throe different ways on the three successive dates were similarly treated. One 
unmanured plant was aiso taken for various analyses. 

The same procedure was again followed and three groups of plants wets 
manured on the 15th September and three groups on the 1st October and the 
plants were analysed as before on the 1st October and the 15th October. 

On the 1st October 12 one plants had to be analysed separately and on 
the 15th October the number of plants analysed similarly was 15 plus one. 

The plants were not manured after the 1st October (i.c. on the 15 October) 
as by the 1st of November tire plants would be more or less dead. 

The fifteen groups of manured plants on five subsequent dates and the totally 
unmaniued plants were harvested on the 23rd November and the weights of grain 
and air-dried straw recorded. No other records could be kept as the plants were 
dead. 
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BxTEACTION AUD DETEEMINATIOlSr OF 0 ABB 0 HYBBATE 3 . 

The carl)o]iydiates of the leaves, oulms and roots are extracted and quantita- 
tively determined according to the method recently described by Dastur and 
Samant [1933] in this t/'oiwwaL The reducing sugars, cane sugar and starch were 
determined separately in each group of plants both manured and unmanured. 

The number of carbohydrate analyses to be made increased at every subse- 
quent date in the arithmetical progression from 1 to 3, 6, 9, 12, 15 and pks one. 
It was found difficult to manage the same in one day. For this reason a day 
before and a day after the dates mentioned above were utilized fox those 
observations. The total number of extraction apparatus had to be increased to 
twenty-four or more and the arrangement had to be made for redistilling the large 
quantities of alcohol used. Two water baths holding fourteen evaporating dishes 
at the same time had to be used for the evaporation purpose and an incubator, 
holding twelve 1000-e.c. beakers, was used for the hydrolysis of starch. The 
estimations of carbohydrates according to the methods described above were 
begun in November and finished in April. Two months were taken to calculate 
the results of the same year. 

In the following Tables (I to VI) the fresh weight of the leaves, of the whole 
plant, volume of the roots, total leaf area, the total water content and the residual 
dry weight of the unmanured plants and of the plants manured with three ferti- 
lizers on successive stages of growth are given. 

Taking the unmanured plant first (in Tables I and V) it is seen that the fresh 
weight of leaves increases from 1‘22 grams to 76’2 grams and fresh weight of the 
whole plant increases from 6'219 grams to 346*6 grams. The volume of roots 
rises from 1*5 c.e. to 60 o.c. and the total leaf area rises from 108*12 square cen- 
timeters to 5048*4 sq. cm. The residual dry weights after extraction of carbo- 
hydrates increase from 0*6515 gram to 69*48 grams. The term residual dry weight 
means dry weight minus the soluble matter and carbohydrates. 

In the case of manured plants it will be noticed that the rise in the fresh 
weights of the plants, in leaf areas, residual dry weights and the volumes of the 
roots are largest in the plants manured with any one of the three fertilizers on the 
16th August. Of the plants manured with each one of the three fertilizers on the 
16th August, the increase in fresh and residual dry weights, in leaf area and in 
the volume of roots are greatest in plants manured with the mixture. In plants 
manured with a mixture of the two fertilizers the fresh weight of the plant rises 
from 6*219 grams to 532*6 grams, the residual dry weight of the plant rises from 
0*6516 grams to 101*68 grams on the 15th October, the total leaf area rises from 
■ 108*12 sq. cm. to 8680 sq. cm. and the volume of the roots rises from 1*6 c.o. to 
72*6 C.C. (in Tables I and V). 
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Volumo 
of roots 
in 0.0. 


Bate of manuring. 


Nature of manure 

Freak 
Wt, of 
leaves 
ingms. 

rotal fresh 
wt, of the 
plant 
(L^ves-f 
oulms-f* 

roots) 
in gms. 




Unmanured ^ 

■ ' ■' ' ' 

1-22 

6*219 


1 

M 

Unmanured 

3*865 

19*316 

KNOs 

6*670 

26*390 


7*160 

29*200 

KN0,HNH,),80, 

8*110 

32*740 


Total Total 

“ “S!. 7m 


4-6 6 

62 636-58 


Table I. 
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Tke results indioate that tlie maxim um increase in fresh and dry weights, in 
leaf area and in the volume of roots takes place when the plants are manured with 
the mixture of potassium nitrate and ammonium sulphate. Secondly the plants 
manured' on the 16th August show better growth than the plants manured at any 
other stage of growth. 

In Table VI the dry weights of straw and grain of the plants harvested on 
23rd November are given. The straw and grain are dried in air. Here also the 
maximum yield of straw and grain are obtained in plants manured with the mixture. 
The yield of grain and straw is the largest in plants manured on the 16th August 
in potassium nitrate series, ammonium sulphate series and the mixture series. 

The ratios of the weights of straw to the weights of grain are 2'8 : 1 for the 
unmanured plants, 2’6 :1 for plants manured with potassium nitrate, 2*4: 1 for 
plants manured with ammonium sulphate and 2 : 1 for the plants manured with the 
mixture. Thus the manuring with the mixture of potassium nitrate and ammo- 
nium sulphate results in better reproduction as compared to vegetative growth in 
plants manured either with pobassium nitrate or ammonium sulphate. 
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Table It 


Besidtial 


Bate of manuring 


Table III 


Kesidnal 


Fresh 
wfc. of 
leaves 
in gms. 


Date of manuring Nature of inanui e 


Unmanured 


1st August 


1st September 
1st August 


1st September 


KN0s+(NHB2S0, 




Nature of manure 

Fresh 
Wt. of 
leaves 
in gms. 

Total fresh 
wt. of 
the 
plant 
in gms. 

Volume 
of roots 
in o.e. 

Total 
leaf 
area in 
sq, cm. 




Ist Se^t^mber 

Unmanured . 

14*18 

62*85 

10*00 

884*52 

KNOg . V • 

15*72 

75-42 

10*00 

1054*50 

99 • 

17*04 

78-19 

10*48 

1308-40 

(NHj)jS 04 . . . 

17*45 

78-92 

10*60 

1294*60 

»» • • • 

18*50 

86-93 

11*52 

1393*50 

KN0H“(N‘HD,fi04 . 

20*20 

88-52 

13*58 

1475-65 

• 

25*19 

105’94 

15*50 

1895*00 
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Table IV. 


Total fresh 

wt, of Volume 
the of roots 
plant in c.c. 
ingms. 


Residual 
dry wt. 
of the 
plant 
in gms. 


Total Total 
leaf water 
area in content 
sq. cm, in gms. 


Fresh 
wt, of 
leaves 
in gms, 


Bate of manuring 


Nature of manure 


1st October 


Unmanured 

KNO3 


1st August 
15th . 

1st September 
15th , 

1st August 
15th „ 

1st September 
15th 

1st August 
15th 

1st September 
15th „ 


KN 03 +(NH 4 ) 2 S 0 , 


Table V. 


Residual 
dry wt. 
of the 
plant 
in gms. 


Total Total 
leaf water 
area in content 
sq. cm. in gms. 


Fresh Total fresh 
wt. of wt. of the 
leaves plant in 
in gms. gmti. 


Volume 
of roots 
in c.c. 


Bate of manuring Nature of manure 


15ih October 


Unmanured 

KNO3 


1st August 
15th „ 

1st September 
15th „ • 
1st October 
1st August 
15th „ 

1st September 
15th 

1st October 
1st August 
15th „ 

1st September 
15th 

Ist October 
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Table VI. 


Date of manuring 

Nature of manure 

Weight of 
straw in 
gms. 

Weight of 
grain in 
gms. 

Total weight 

Ratio of 
straw to 
grain 




2Srd November 



Unmanured 

75*0 

26*70 

101*70 

2*8:1 

1st August . 

KNOs . . 

83-0 

31*11 

114*11 

2-6:1 

I5th „ . 


850 

32*42 

117*42 

2*6:1 

ist September 

It ' ■ •' . • 

80-5 

30*20 

110*50 

2-6:1 

I5tli „ . 

* • * 

82-5 

32-10 

114*60 

2*6:1 

1st October 

fP * • • 

76*0 

27*21 

103*21 

2*6:1 

1st August . 

(NH.),S 04 . . . 

89-0 

37*21 

126*21 

2*4:1 

16th „ 


91-0 

39-82 

130*82 

2*3:1 

Ist September . 

; ■ .. t> ' • . * 

86*6 

35*93 

122*43 

2*4:1 

15th ,, 

1 ■ . ■ ■ . ■ ■ . ■ ■ 

It * * ■ 

8S’0 

36-42 

124*42 

2*4:1 

1st October 

»> » • • 

76*0 

30-60 

106*60 

2*5:1 

1st August • 

KNO,+(NH,)jSO, . 

100*0 

4S*21 

148*21 

2:1 

15th „ . 

II ■ ' . ' . 

104*0 

62-52 

156*62 

2:1 

1st September . 

tt * 

93*0 

46*11 

139*11 

2:1 

15th „ 

♦1 • 

95*5 

47*40 

142*40 

! 2:1 

1st October • 

II • 

78*0 

32*82 

110*82 

2*3:1 


The above increase in dry weights of the rice plant, when manured in three 
difierent ways at different periods, should be mathematically interpreted, as the 
mere differences in the dry weights do not convey any meaning. It is necessary to 
determine the ratio of increase in dry weights produced at the end of a period to the 
actual dry weight present at the beginning of the period, i.e., the relative growth 
rate of the plant in each period must be measured under each treatment. The 
relative growth rate is here measured by the formula Wi=Woe. rt given by 
Blackman [1919, 1920] when lfo=dry weight of the plant at the beginning of 
the period t, TFi=dry weight of the plant at the end of the period t, r is the rate of 
increase in dry weight and e is the logarithmic base. 

Simplifying the above formula-' 

XiOge • • • . . . • liOgg W o”l"rf. 

LogeFi-Loge TFo. 

i 

rdative growth rate (E. G. E,)=TjOgeTFi — ^LogelFo, when t=any arbitrary 
period chosen which is here a fortnight. 

The relative growth rate of the whole plant unmanured and manured in three 
different ways at different dates was calculated. The following tables (Tables 
VII, VIII & IX) give the values of the relative growth rate calculated according to 
the above formula. 
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' Table VIE. 

Male of growth values of unmanured plants and of those manured with ENO^. 


Bate of naanuriiig 

1st Aug. 
to 

ISth Aug. 

15 th Aug. 
to 

1st Sep. 

1st Sep. 
to 

16th Sep. 

16th Sep, 
to 

1st Oct. 

1st Oct. 
to 

, 15th Oct, 

16th Oct, 

! to 

16th Nov. 

CJnmanured . 


0*94 

1*40 

1*03 

0*91 

0*45 

0*14 

Manured with KNO3 Ist Ang. 

1*41 

1*13 

0*97 

1*02 

0-40 

0*10 


„ 15th „ 1 

0*94 

1-72 

1*01 

0*90 

0*38 

0*10 


,, 1st Sep. 

0*94 

1*40 

1*33 

0*91 

0*30 

0*11 


„ ISfch „ 

0*94 

1*40 

1*03 

1*21 

0*28 

0*13 

»** »> 

„ 1st Oct. 

0*94 i 

1*40 i 

1*03 

0*91 

0*47 

0*13 


Table VH!. 


Rate of growth of the plants manured with (NHfj^O^. 


1st August . 



1*10 


0*86 

■ 0 * 2 T ^ 

0*14 

16th „ . 

• 

0*94 

1*81 



0-35 

0*14 

1st September . . 

• 

0*94 

1*40 

m 

0-88 

0*33 

0*14 

15th „ . . 

,| 

0*94 

1*40 

1*03 

1’24 

0*27 

0*16 

1st October 

■ : 

0*94 

1*40 


0*91 

0*62 

0*13 


Table IX. 


Rate of growth of plants manured with mixture. 


1st August . 

• 

1*07 

1*07 

1*02 

0*94 

0*39 

0*16 

15th „ . 


0*94 

2*02 

0-94 

0*79 

0*43 

0*16 

Ist September . . 

• 

0*94 

1*40 

1*47 

0*80 

0*37 

0*14 

16th „ 


0*94 

1*40 

1*03 

1*32 

0*35 

0*16 

1st October . . 


0*94 

1*40 

1*03 

0*91 

0*56 

0*13 


It will be seen that the relative growth rates of the unmanured plants as well 
as of the plants manured with any one of the three fertilizers are highest during 
tie period of 16th August to 1st September with the exception of plants manured 
on 1st August. Similarly the plants manured with the mixture of potassium 
nitrate and ammonium sulphate have hi^er relative growth rates than the relative 
growth rates of the plants manured with either potassium nitrateor ammonium sul- 
phate on the corresponding dates. 
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Tte graphs illustrating the relative growth rates of the unmanured and of the 
manured plants in three v/ays on the five successive dates are given in Kgs. 1—6, 
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The relalSiv'e growth rate of the umuantited plant calculated on fresh wei^t 
basis is given in Fig. 6, to show that the nature of the curve iethe same as the 

relative growth rate curve on the dry weight basis; 
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Fig. 6. 
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The relative growth rates of the leaves and culms and roots on dry weight 
basis are calculated and similar results, as given above for the whole plant, are 
obtainfid In Figs. 7 and 8 the relative growth rate of the leaves of unmanured 
;“d of the plant* manured in three ways on the 1st and 16th August are 
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given. When the plants are mannred on the 1st August the highest relative growth 
rates of the whole plant as well as of the leaves are reached on the period 1st 
August to 15th August and not in the period of 16th August to Ist September. 
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Similarly, the leaf area ratio, i.e., the total area of the leaves per unit dry 
weight, is determined as the leaves are the chief organs manufacturing the food 
materials, which build up the body of the plant. The leaf area ratios are given 
in Tables X, XI and XII. 

" Table X. 


Leaf arm ratio of the unmanured plant and of the plants manured uith KNO^. 


Date of 
manuring 

Isfe August 

15tb August 

1st Septem- 
ber 

16tb Septem- 
ber 

1st October 

16th October 

Unmanured 

169*9 

162*2 

126*3 

102*7 

93*9 

66*9 

1st August 

169*9 

133*6 

122*9 

108-4 

93.2 

78*2 

IStii „ 

169*9 

162*2 

136*2 

93-0 

89*3 

79*3 

1st iSeptember . 

169*9 

162*2 

126*3 

91-1 

89*6 

76*3 

15th „ V 

169*9 

162*2 

126*3 

102-7 

88*8 

68*7 

1st October 

169*9 

162*2 

126*3 

102-7 

93*9 

68*2 


Table XI. 

Leaf arm ratio of the plants manured with 


1st August 

169*9 

187*8 

137*0 

94*2 

90*5 

77*9 

15th „ 

159*9 

162*2 

131*4 

990 

100*6 

77*3 

1st September • 

169*9 

162*2 

126*3 

95*0 

95*1 

76*4 

16th „ . 

169*9 

162*2 

126*3 

102*7 

99*3 

75*7 

1st October 

159*9 

162*2 

126*3 

102*7 

93*9 

70*6 


Table XII. 

Leaf arm ratio of the plants manured with mixture. 


lat August 

169*9 

176*0 

140*0 

100*0 

111*1 

76*2 

16th „ 

159*9 

162*0 

146*0 

111*0 

108*6 

76-2 

1st September . 

159*9 

162*2 

126*3 

97*9 

106*2 

79*6 

16th 

159*9 

162*2 

126*3 

102*7 

105*0 

83*6 

1st October 

169*9 

162*2 

126*3 

102*7 

93*9 

71*1 


The results of the leaf area ratio disclose interesting features. The leaf area ratio 
is hi^m: on the 15th August when the plants are manured with ammonium sulphate 
on the 1st August than when the plants are manured with the mixture. If the 
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results are studied for the manuring done on other dates there is a greater value of 
leaf area ratio in the plants manured with the mixture on the subsequent dates. 

The graphs illustrating the leaf area ratios of the unmanured plant and . of 
plants manured in the three different ways on the five successive dates are given 
in fias. 9 — 12. 
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The leaf area per unit dry weight reaches its highest point when the plants 
are manured on the 1st August by ammonium sulphate. The mixture of potassium 
nitrate and ammonium sulphate has lesser effect on the increase in the leaf area. 


The results of the carbohydrate analyses of the leaves and culms and roots of the 
rice plants are given in the following tables (Tables XHI to XVIII). The carbohy- 
drate contents are calculated per 100 gms. of the dry weight of the leaves and of the 
culms and roots. The amount of each carbohydrate present in the leaves and 
in the culms and roots of the unmanured and manured plants on different dates 
are given at the end of each fortnightly period, from lat August to 15th 
October. 

The results show that there is not much variation in the hexoses contents of 
the leaves and culms and roots of the rice plant. The quantity of hexoses present 
is greater in culms and roots than in the leaves. TaHng the unmanured plant 
first the hexoses content of the leaves is higher in the early stages than that of 
the later stages. It is 62 mgs. in the beginning and it falls to 38 mgs. by the 
middle of October. In the culms and roots the hexoses content is 73 mgs. in 
August and falls down to 41 mgs. in October. 

Cane sugar is found both in the leaves and culms and roots in the largest 
amounts. In the leaves of the unmanured plant it goes up from 6'4 grams (6,400 
mgs.) to 8-8 grams and in the culms and roots it rises from 4-7 gms. to 9-4 gmL in 
October. The presence of such large quantities of cane sugar both in the leaves 
and culms and roots is one of the most significant facts in this investigation and 
it appears to be in agreement with similar observations made by Parkin [1911] 
Oast [1917] and Davis, Daish and Sawyer [1916] in the leaves of various plants! 
They regarded cane sugar as the first sugar of photosynthesis on account of its 
increase during the day but the presence of cane sugar in equally large amounts 
in culms and roots considerably weakens their conclusions. Very probably cane 

sugar forms the reserve material in the case of the rice plant. 

Though the leaves of the rice plant are starch forming, the quantity of starch 
present is very little in comparison to the quantity of cane sugar. Very probably 
this is the characteristic of monocotyledons. The starch content of culms and 
rwts of the uimanured plant goes up from 0-4016 gram to 1-781 gms. in October 
trith a depression in September, when it falls down to nearly 0’3885 gm. In the 
leaves the starch content fluctuates between 67 mgs. and 233 mgs. and falls to 
124 mgs. oh the 16th October. 





EELATIVE GBOWTH BATE, OAEBOHYDEATE CONTENTS AND YIELD OE BICE PLANT 985 

Table XIII. 

Carbohydrates in gms. jisr 100 gm i. of dry weight, 1st August. 

Leaves Octems and boots 

Date of Nature of manure u n r 

manuring Oane Starch Cane Starch 

Hoxoscs sugar as as Hexosos sugar as as 

hexoses hoxoscs hoxoscs hexosos 




Leaves 


Date of 
manuring 

Nature of manure 

Oane 

Hexoses sugar as 
hexoses 

Starch 

as 

hoxoscs 


Unmanured . 

4*434 

0*0571 


Table XIV. 

Carbohydrates in gms. per WO gms. of dry weight, ISth August. 



Un manured . • 

. 0*0627 

5*4723 

0*0789 

0-0735 

4*7264 

0*7500 

1st August • 

KNO, . . 

. 0*0611 

5*4829 

0*1020 

0-0716 

4*8933 

0*7884 

Ist ,, • 

( 1 TH.) 3 S 03 . . 

. 0*0690 

5*9530 

0*1464 

0-0808 

5*0661 

0*9343 

1st „ . 

KN03+(NH4)^04 

. 0*0676 

6*0744 

0*2085 

0-0934 

5*1896 

0*9918 


Table XV. 

Carbohydrates in gms. per 100 gms. of dry weight, 1st September. 
I Uumanured . . . I 0-0553 I 6-1308 | 0-3580 I 0-0740 I 4-864 


1st August) , KNOg . 

15 th ff • • 

1st August . (NH 4 ) 2 S 04 
15th »* * 9* 


0*0553 6*1308 0*3580 0*0740 4*8640 0*8704 

0*0575 6*3785 0*3713 0*0754 4*9016 0*9122 

0*0559 6*4931 0*4004 0*0761 5*1009 0*9464 

0*0578 6*5702 0*3898 0*0788 5*30 2 0*9662 

0*0653 6*5967 0*4247 0*0788 5*3652 1*0503 


1st August . KN 03 +(NH«),S 0 . . 0-0675 6-8095 0-6217 0-0914 5-4136 1-0605 

. 0-0661 7-1719 0-6288 0-0877 6-9693 1-0523 
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Table XVI. 

Carbohydrates m gms. per 100 gms. of dry weight, 15tk 8eptemJ)er. 


[in, VI. 


Bate of 
manuring 


1st August . 
15th „ . 

1st September 
1st August . 
15th „ . 

1st September 
1st August . 
15th „ . 

1st September 


Nature of manure 

Hexoses 

Leaves 

Cane 
sugar as 
hexoses 

Starch 

as 

hexoses 

Unmanured . 

0-0403 

6-8607 

0-1873 

ENO, . . . . 

0-0440 

7-2320 

0-3055 

99 * • • » 

0-0438 

1 7-8282 

0-3142 


0-0417 

7-3183 

0-2451 


0-0468 

8-3032 

0-2910 

99 * • t 

0-0461 

8-4009 

0-3466 

99 » 

0-0425 

8-2215 

0-2607 

KN08+(NH4)aSG4 . 

0-0476 

8-8804 

0-3443 

99 

0-0479 

8-9381 

0-3876 

99 

0-0418 

8-7462 

0-3001 


Culms AKB boots 


iFexoaefi 


0*0440 

0*0467 

0*0443 

0*0435 

0*0461 

0*0460 

0*0469 

0*0492 

0-0504 

0*0493 


Cane 
sugar as 
hexoses 


5*0530 

5*4653 

6*4767 

5*5365 

5*9809 

6*0701 

5*9481 

6*1228 

6*1366 

6*1097 


Starch 

as 

hexoses 


0'38S5 

0*4563 

0*5369 

0*4492 

0*6104 

0*63:^2 

0*4771 

0*6896 

0*6457 

0*5410 


Table XVII. 

Carbohydrates in gms. per 100 gtm. of dry weight, 1st October. 


Bate of 

manuTmg 


1st August . 
15th „ , 

1st September 
16th 

1st August . 
15th „ . 

1 st September 
15th „ 

1st August . 
I6th , 

Ist September 
■ 151* 


Nature of manure 


TJnmanured 
KNO 3 . 

99 • 


lNH,),SO, 

99 

KN 0 ,+(NH,),S 0 . 


VjliS 


Hexoses 


0-0376 

0 0430 
0-0394 
0-0396 
0-0387 
0-0401 
0-0407 
0-0409 
0-0404 
0-0482 
0-0473 
0-0406 
0-0436 


Cane 
sugar as 
hexoses 


7-2854 

7-9230 

7-9536 

7-8535 

7- 6013 

8- 7199 
8-7053 
8-4681 

8- 2196 

9- 7088 
9-7117 
9-5664 
9-4624 



Staioh 


0-2330 

0-3286 

0-3307 

0-3049 

0-2505 

0-3717 

0-3766 

0-3588 

0-3389 

0-3986 

0-4426 

0-3662 

0-3712 


CUUffS AND BOOTS 


Hexoses 


0-0320 

0-0333 

0-0339 

0-0337 

0-0323 

0-0366 

0-0367 

0-0339 

0-0341 

0-0462 

0-0448 

0-0429 

0-0490 


Cane 
sugar as 
hexoses 


6-4440 

6-8557 

5-9171 

5-6013 

5- 6267 

6- 2395 
6-2773 
6-0201 
6-6709 
6-7278 
6-6662 
6-4281 
6-4791 


Starch 

as 

hexoses 


0-3888 

0-4884 
0-5020 
0-4 105 
0-4316 
0-5505 
0-5847 
0-4926 
0-4441 
0-9280 
0-8773 
0-7314 
0-6144 
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Table XVIII. 

Carbohydrates in gms. per 100 gms. of dry weighty 15th October. 


Leaves 


OOLMS ATSJ> ROOTS 


Date of 
mantirlng 


Nature of manure 


i Unmanured 


Cane Starch Cane Starch 

Hexoses sugar as as Hexoses sugar as as 

hexoses hexoses hexoses hexoses 


KHOa ' . 


(NH4),S04 


1st August 


1st September, 


1st October 
1st August 


1st September. | 


1st October 


1st August . KK 0 s+(NH 4 ) 2 S 04 


1st September. 


1st October . 


10-0314 


10-1456 I 
10-1643 
10*0268 


10*2804 

10-2341 

10*1241 


10*7532 

10*6468 

10*3997 


Tie effect of mamiring the rice plants in the manner desmbed above on their 
photosynthetic activity can be seen from the similar carbohydrate analyses carried 
out of the manured plants. In general, the effect of manuring with potassium ni- 
trate, ammonium sulphate and the mixture of the two on the photosynthetic activity 
of the rice plant is of the same type, as was found on its relative growth rate. A 
glance at the results will show that at all stages of growth from the 1st August to 
the 16th October the carbohydrate contents of the leaves, culms and roots of the 
plants manured with the mixture are higher than the carbohydrate contents of the 
same organs of the rice plants manured with either potassium nitrate or ammonium 
sulphate. At the same tipae the plants manured with any one of the fertilizers on 
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the 16tli August have a greater carbohydrate content than the plants :^annred with^ 
tlie same fertilizers on other dates, ^ ^ 

In order to make the above statement clear/ fresh weights, ftry weights, 
carbohydrate contents of the leaves, culms and roots and total carbohydrates per 


whole plant of the plants manured in three ways on the different dates are given 
in Tables XIX to XXXIV. In the unmanured plant the total carbohydrates per 100 
gms. of dry weight of the whole plant rise from 3*9853 gms. to 10'1228 gms. (Table 
XIX). In plants manured with potassium nitrate on the 15th August, the total 
carhohydrates on the 15th October are 11*1304 gms. (Table XXIII). In plants 
manured with ammonium sulphate they are 11*3482 gms, (Table XXIV). In plants 
manured with the mixture of potassium nitrate and ammonium sulphate they are 
12*3575 gms. (Table XXV). These are the highest values of carbohydrate contents 
obtained in the plants which were manured with the three fertilizers separately on 
the 16th August. The carbohydrate contents are lower in plants manured 
with any of the three fertilizers on the other dates. 

In the last column of these tables the quantities of total carbohydrates present 
in one plant of each of the series (manured or unmanured) are given. This shows 
the differences in the actual quantities of carbohydrates formed in the plants 
treated differently on different dates. 

On studying these figures for the total carbohydrates in the plants at successive 
stages of growth from the 1st August to 15th October, it will be seen that on two 
occasions the carbohydrate "contents of the plants show maximum rise. In the 
unmanured plant the first rise in the carbohydrate contents is from 1st August to 
the 16th August when the c«arbohydrate contents rise from 3*9863 gms. to 5*6819 
gms. (Table XIX). The second big rise in the carbohydrate contents is from 1st 
October to 16th October when the carbohydrate contents rise from 6 •7104 gms. to 
101228 gms. (Table XIX). Nowin plants manured with potjassium nitrate there 
is no greater rise in the carbohydrate contents in the 1st period as compared with 
the unmanured series, but in the last period the rise is from 7*3883 gms. to 111304 
gms. (Table XXIII). In the ammonium sulphate series the 1st rise in the carbohy- 
drates is from 3*9853 gms. [to 61 249 gms. (Table XXI) and in the noixture series it 
is from 3*9853 to 6*3127 gms, (Table XXII), The rise in the last period in the two 
latter series is the same, but the actual values of carbohydrates differ on account 
of the greater increase in the carbohydrate contents of the plants of the mixture 
series in the intervening period from 15th August to 1st October. 

; When the plants are manured on 15th August the 1st rise from 1st to 16th 
August is the same in all cases, but in the second period from 16th August to 
1st September in the potassium nitrate series and ammonium sulphate series there 
is’an ineres^se of nearly one gram^ while in the plants of the mixture series there 
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is aix increase of nearly two grams. In the second big rise in the carbohydrate 
contents in the last stage, the increase is nearly the same in the plants oiaUthe 
manured series/ When the plants aie manured on the 1st or 15th September or 1st 
October, theie is a greater rise in the carbohydrate contents in the plants of the 
mixture series than in the plants of the potassium nitrate series or ammonium 
sulphate series in subsequent periods. 


Table XIX, 


Ffe8% weights and dry weights and total carbohydrates, 
Vnmanured plants. 


Total carbo- 
hydrates per Total carbo- 
. 100 gms, of hydrates 
dry wt. of present per 
the whole plant 
plant 


Total carbo- Total carbo- 
hydrates in hydrates in 

leaves per culms and 

100 gms. roots per 

of dry 100 gms. of 
wt. dry wt. 


Total dry 
wt. in 
gms. 


1st August 


1st September 


1st October 


Table XX, 


Plants manured with potassium nitrate on 1st August, 


1st August 


1st September 


1st October 
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Table XXL 


Plants manured with ammonium sulphate on Jst August. 


Date 

Total fresh 
wt. in gms. 

Total dry 
wt. in 
gms. 

Total carbo- 
hydrates in 
leaves per 
100 gms. 
of dry 
wt. 

Total carbo- 
hydrates in 
culms and 
roots per 
100 gms. of 
dry wt. 

Total carbo- 
hydrates per 
100 gms. of 
dry wt. of 
the whole 
plant 

Total carbo- 
hydrates 
present per 
plant 

1st August 

5'219 

0*6753 

4*5411 

3*4296 

3*9853 

0-0267 

15th „ 

29*200 

3*1365 

6*1685 

6*0813 

6*1249 

0*1919 

1st September . 

78*920 

9*4483 

7*0178 

6*3472 

6*6825 

0*6260 

15th 

229*500 

27*7440 

8*6400 

6*5364 

7*5882 

2*0308 

1st October 

380*430 

65*7188 

9*1317 

6*8255 

7*9786 

4*9834 

16th „ 

445*100 

95*5660 

9*6384 

12*y000 

11*2692 

11*4011 


Table XXII. 


Plants manured with potassium nitrate and ammonium sulphate on 1st August. 


1st August 

5*219 

0*6753 

4*5411 

3*4296 

3*9853 

0*0257 

15th „ 

32*740 

3*6940 

6*3506 

6*2748 

6*3127 

0*2269 

1st September . 

88*520 

10*4964 

7*3987 

6*5655 

6*9821 

0*7259 

16th 

255*100 

29*0202 

9*2728 

6*7616 

8*0109 

2*2431 

1st October 

461*800 

74*0128 

10*2016 

7*5883 

8*8949 

■ 

6*2730 

16th „ 

613*100 

, 

110*3620 

10*4461 

>*13*9690 

12-2076 

14*2394 


Table XXIII. 


Plants manured with potassium nitrate on 15th August. 


1st August 

5*219 

0*6753 

4*5411 

i 3*4296 

1 3*9863 

0-0257 

16th „ 

19*316 

1*7329 

5*6139 

5*5500 

5*5819 

0*0968 

Isfc September . 

78-190 

9*6596 

6*9494 

6-J,234 

6*5364 

0*6199 

ISth • 

216*100 

26*4734 

8*1862 ' 

6*0679 

7*1220 

1*8225 

1st 0 etcher 

379*800 

66*1660 

8*3237 

6*4530 

7*3883 

4*6044 

15th „ 

460*100 

95*6360 

9*5669 

12*7040 ‘ 

11*1304 

11*3123 




Date 
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Table XXIV. 

Phnls ma^nured with ammordum sulf hate on JdiJi Augttsi. 


Total fresli 
wt. in gms. 


Total dry 
wt. in 
gms. 


Total carbo- 
hydrates in 
leaves per 
100 gms. 
of dry 
wt. 


Total carbo- 
hydrates in 
cnlms and 
roots per 
100 gras, of 
drywt. 


Total carbo- 
hydrates per Totax carbo - 
1 00 gms. of hydrates 

dry wt. of present per 
the whole plant 
plant 


Table XXVI 


Plants manured with potassium nUrate on 1st September, 

I 5-219 1 0-6753 { 4-5411 ) 3-4296 1 3-9853 


0*0257 

0*0068 

0-4290 

1*7539 

4*4390 

10-2396 


1st August 
15th „ 

1st September 
15th 

1st October 
15th .. 


5- 5819 

6- 1764 
6-8171 
7*1367 

10*9630 


19*315 


1-7329 


5*6139 


5*8084 


02-850 


7-0040 


6*5440 


6*0292 


218*700 


26*4064 


7*6051 


6-0755 


386*820 


8*1979 


05-5400 


9*4600 


12*4660 


414*600 


88-4820 


Table XXV. 


Plants manured with potassium nitrate amd ammonium sulphate on I5ih August, 


1st August , i 

6-219 

0-6753 

4*5411 

! 3*4296 

3*9863 

0*0257 

15th „ . 

19-315 

T7329 

5*6139 

5*5600 

5*5819 

0*0968 

1st September , 

106*940 

13*0232 

7-76b8 

7*1093 

7*4380 

0*9616 

15th „ 

278*420 

33*4656 

9*3736 

6*8327 

8-1031 

2-6313 

1st October 

483*400 

74*6992 

10*1566 

7*7029 

■■ 'i 

8*9292 

63719 

16th „ 

532-600 

113-9180! 

10-6180 

14*1970 

12*3575 

14*0338 


1st August 
15th „ 

1st September 
15th „ 

1st October 
15th „ 


5*219 

19-315 

86-930 

235*300 

403*510 

454*800 


0*6753 

1*7329 

10*5995 

28-4643 

69*0900 

97*8600 


4*5411 

5*6139 

7*0867 

8*7936 

9*1226 

9*7024 


3*4296 

5*5500 

6*4943 

6*6492 

6*8977 

12*9940 


3*9863 

5*5819 

6*7905 

7*7214 

8*0101 

11*3482 


0*0257 

0*0968 

0*7140 

2*1383 

5*2658 

11*7758 
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TaElf XXVII 


Plants manured with ammonium sulphate on 1st September, 


Total carbo- 
hydrates in 
calms and 
roots per 
100 gms. of 
dry wt. 


Total carbo- 
hydrates per 
100 gms. of 
dry. wt. of 
the whole 
plant 


Total carbo- 
hydrates in 
leaves per 
100 gms. of 
dry wt. 


Total carbo 
hydrates 
present 
per plant 


1st September 


1st October 


Table XXVIII 


Plants manured with potassuim nitrate and ammonium sulphate on 1st September 

1st August . ] 5-219 I 0-0753 I 4*5411 I 3*4296 1 3*9853 1 0*( 


1st September 


1st October 


Table XXIX. 


Plants manured with potassium nitrate on 15th September, 
1 5-219 1 0-6753 } 4*5411 1 3*4296 1 3*98 


1st August 


1st September 


1st October 


404*600 


.] 5*219 

0*0753 

4*5411 

3*4296 

3*9853 

19*315 

1*7329 

5*6139 

5*5500 

5*5819 

• 62*850 

7*0040 

6*5440 

6*8084 

6*1764 

, 269*300 

30*7666 

9*0881 

6*7000 

7*8940 

. 442*230 

72*8592 

9*9632 

7*2024 

8-5828 

. 491*000 

105*7880 

10*3013 

13*6520 

11*9766 



Total fresh 

Total dry 


wt. in gms* 

wt. in gms. 
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Table XXX 


Plants manured with ammoniim sulphate m 15th September. 


Table XXXI. 


Plants manured with potassium mtrate and ammonium sulphate on 15th September. 

1st August .1 5-219 I 0-6753 I 4-54111 3-4296 ] 3-9853] 0-021 


Isii September 


1st October 


Plants manicred with potassium nitrate on 1st Ooiober , 

5*219 1 0*6753 t 4*5411 1 3*4296 I 3 


1st August 


1st September 


1st October 


5*219 

0*6753 

4-5411 1 

3*4296 

3*9853 

19*315 

1*7329 

5-6139 

5*5500 

5*5819 

62*850 

7*0040 

6-5440 

5*8034 

6*1764 

180*470 

19*6400 

7-0883 

6*4856 

6*2869 

453*700 

73*3772 

9-8772 

7*1364 

8*6068 

483*500 

104*5360 

9-9335 

13*1900 

11*6615 


Date 

Total fresh 
wt. iu gms. 

i 

Total dry 
wt, in gms. 

j . 

' ' 1 

Total carbo- 
hydrates in 
leaves per 
100 gms, of 
diy wt. 

Total carbo- 
hydrates in 
culms au d 
roots per 
100 gms. of 
drywt. 

Total cacbo- 
hydrates per 
100 gms, of 
dry wt. of 
the whole 
plant 

Total carbo- 
hydrates 
present 
per plant 

1st August . 

5*219 

0*8763 

4*5411 

3*4296 

3*9853 

0*0257 

IStb ft « • 

19*315 

1*7329 

5*6139 

5*5500 

5*5819 

0*0968 

1st September . 

62-850 

7*0040 

6*5440 

5*8084 

6*1764 

0*4290 

15tb . , 

180*470 

19*6400 

7*0883 

5*4855 

6*2869 

1*1995 

1st October 

402*600 

68*2904 

8*5989 

6*1491 

7*3737 

4*7345 

15tb „ . . 

421*200 

89*9280 

9*4683 

12*6450 

11*0566 

10*5248 


tiii, vi. 
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Table XXXIIT. 

Phnls manured wiih ammonium siilfhaie on 1 si Ooloher. 


Bate 

Tot’ll freshi 
wt. in gms. 

Total dry 
wt. in gms. 

Total carbo- 
hydrates in 
leaves jier 
100 gms. of 
dry wt. 

Total carbo- 
hydrates in 
culms and 
roots per 
100 gms. of 
dry wt. 

Total carbo- 
hydrates per 
100 gms. of 
dry wt. of 
the whole 
plant 

Total carbo- 
hydrates 
present 
i3or plant 

1st August. 

5*219 

0-6763 

4*5411 

3-4296 

3*9853 

0*0257 


19'315 

1*7329 

5*6139 

5*5500 

5*5819 

0‘0968 

1st September . 

62*850 : 

7*0010 

6*5440 

5*8084 1 

6*1764 

0-4290 

im „ 

180*470 ^ 

19*6400 

7*0883 

5-4855 

6*2869 

1*1995 

1st October 

207-400 

48*9480 

7*5560 

5*8648 

6*7104 

3;1494 

im „ 

385-400 

82*6660 

9*2742 

11*5240 

10*3991 

8*9738 


Table XXXIV. 


Plants manured with 'potassium nitrate and ammonium sulphate on 1st October. 


Ist August, 

5*219 

0*6753 

4*5411 

3*4294 

3*9853 

0-0257 

15th „ . . 

19*315 

1*7329 

6*6139 

5-6500 

6*5819 

0*0968 

1st September . 

62*850 

7*0040 

1 6*5440 

! 

i 5*8084 

6*1764 

0*4290 

15th „ 

180*470 

; 19*6400 

7*0883 

5*4855 

6*2869 

1*1995 

1st October 

297*400 

48*9480 

7*5560 

5*8648 

6*7104 

3*1494 

15 th „ 

401*400 

86*0350 ^ 

9*3043 

11*7330 

10*5186 

9*4732 


It appears tJbat there are two periods of maximum piotosyatlietic activity in 
the rice plants. The first period of maximum photosynthetic activity is between. 
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1st August and 16t5 August and the second period of maximum photosynthetic 
activity is from 1st Ootobec to 15tb October. Tke first period of maximum 
pbotosyntbetic activity coincides with the period when the largest amount of the 
leaf surface is produced as shown in the leaf area ratios given above (Tables X, 
XI, XII), the second period of photosynthetic activity coincides with the flowering 
period. At that time there is no second increase in the leaf area as can be seen 
from the leaf area ratio. The cause for the second maximum period of photo- 
synthetic activity is perhaps to be sought for in the external conditions such as 
sun-light and temperature. 

If the second period of maximum photosynthetic activity is at the time of 
flowering, i.e., between the 1st October and the 15th October, what is the effect on 
the assimilatory activity, of manuring the plants with each of the three fertilizers 
on the 1st October ? The results show* that it has nearly no effect as in the 
potassium nitrate series, the ammonium sulphate series and the mixture series, 
the rise in the carbohydrate contents is 3‘6 gms., 3'7 gms. and 3‘8 gms. respectively, 
while in the unmanured plant the rise is 3'4 grams (Tables XIX, XXXII, XXXIII, 
XXXIV). It appears to be a waste of fertilizer to manure the plants so late as 
the flowering period or later as is proposed by several investigators. If the plants 
need to be manured it should be done early before the 15th August. 

The above results of the relative growth rate of the rice plant and of their 
carbohydrate contents indicate the value of the mixture of ammoniacal nitrogen 
and nitrate nitrogen as a fertilizer, as compared to the value of nitrate nitrogen 
or ammoniacal nitrogen used singly on equal nitrogen basis. It might be argued 
that the greater beneficial effect on the growth and yield of grain of the rice plant 
manured with a mixture of potassium nitrate and ammonium sulphate is not due 
to the mixture of two forms of nitrogen supplied, but is caused by the presence 
of potash and nitrogen together in the mixture, while the absence of potash for 
the plants manured with ammonium sulphate alone and the low value of the 
nitrate nitrogen for the plants manured with potassium nitrate bring about a 
decreased growth and yield of the rice plant, as compared to the growth and yield 
of the rice plant manured with the mixture. 

This point therefore remained to be cleared and it was undertaken in the next 
season. The rice plants were grown in four separate beds and on the 15th August 
one bed was manured with the nitrate of soda instead of potassium nitrate. 
Second bed was manured with ammonium sulphate and a third bed was manured 
with a mixture of sodium nitrate and ammonium sulphate. The fourth bed was 
not manured with nitrogen in any form. It was made certain that the soils did 
not lack in phosphates by putting a sufficient doze of super-phosphates in all the 


Vi 't 



Total weight 
of the 
plant 


Ratio of straw 
wt. to 
grain wt. 


Nature of manure 


Weight of 
straw fn 
Ihs. 


Weight of 
grain in 
lbs. 


The results obtained here are similar to those given, in Table VI. In Table VI 
the yield of grain in plants manured with the mixture of potassium nitrate and 
ammonium sulphate is double the yield obtained with unmanured plants. The 
yield of grain obtained above from the plants manured with a mixture of sodium 
nitrate and ammonium sulphate is double the yield of grain obtained with the 
unmanured plants. The above results conclusively show that the increased yield 
of grain and the highest growth rate obtained in plants manured with the mixture 
are due to the use of mixed forms of anomoniacal and nitrate nitrogen and not 
due to the presence of both potash and ammoniacal nitrogen as was argued above, 
as the results given in Table XXXV show, where potash, is omitted altogether. 

Another important feature of the results given in Table XX XV is the greater 
increase in the dry weight of the straw as compared to the yield of the grain. 
In Table VI the ratio of weight of straw to the weight of grain is 2 : 1 in the 
plants manured with the mixture of potassium nitrate and ammonium sulphate, 
while the ratio of the straw to grain in Table XXXV for the plants manured 
with mixture is 2*9 :1, thus indicating that the increase in weight of the straw is 
greater than in the previous experiments. This holds good for the plants in sodi- 
um nitrate and ammonium sulphate series. In the unmanured plants the ratio 
is 3‘3:1. This increase in straw weight is not due to the use of sodium nitrate 
instead of potassium nitrate as a similar increase in straw weight is found in the 
unmanured plants. So it is possible that the increase in the straw weight is 
caused by the addition of superphosphates in all the four beds before transplan- 
tation to remove the deficiency of superphosphates in the soil and the plants in 
the three beds were then manured with three fertilizers on the 15tb August and 
the fourth one was kept unmanured. Whether the increase in straw without 
increase in ? yield of grain is caused by the addition of superphosphates or not 
can be seen from the investigation described below. 
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beds. The size of each bed was 90 sq. ft. The total dry weight of the plants and 
those of the straw and the grain are given in the following table. 

Table XXXV. 
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As the lesuits obtained above have shown that the best growth is made by 
the plants when manured with any form of nitrogen in the middle of August or 
before and the mixture of nitrate nitrogen and ammoniacal nitrogen gives better 
growth and yield than any one form of nitrogen used singly by itself, it was under- 
taken to study similarly the effects of applications of superphosphates on the 
growth and yield of the rice plant. It would be of interest to determine whether 
the beneficial effect of early manuring of plants with nitrogen holds good only for 
nitrogen and is specific in that case only, or if it holds good for other manures also. 

It is possible that when the growth activities are at their highest pitch, the 
manuring of the plants with fertilizers other than those containing nitrogen will 
also result in enhanced growth and reproduction as compared to the growth and 
reproduction resulting from the application of the manme later than 15th August. 

If this assumption is found to he correct, it would he an important result of this 
investigation, as it will definitely establish an important fact of manuring the rice 
plant once for aU. 

The rice plants were transplanted in separate beds just as in the previous year 
and the beds were manured with a mixture of sodium nitrate and ammonium 
sulphate before transplantation. 

One batch of manured plants was then given a doze of superphosphates on 
the 1st August, a second hatch was given a doze of superphosphates on the 15ih 
August, a 3rd hatch on tbe let September, a fourth on the 16th September 
and the fifth on Ist October. The sixth hatch of plants was kept totally un- 
manured with the mixture of sodium nitrate and ammonium sulphate and with 
superphosphates also. This batch was kept totally unmamured to test the results 
obtained before with the unmanured plants in the previous year’s experiments. 
The fresh weights, dry weights of leaves and culms and roots, volume of roots, 
total leaf area, water content of the plants of each hatch were determined every 
fifteen days after manuring was done in the previous year. The same was done 
for the unmanured hatch of plants from the 1st August to 16th October. On the 
15th November the plants were harvested and total dry weight of the plants and^^ 
the respective weights of the straw and grain were determined in all the series. 

The following tables (Tables XXXVI — XLI) give the average fresh weight 
Of the leaves of one whole plant, dry weight of one whole plant, volume of roots 
and total leaf area per plant of the manured and unmanured plants at different 
stages of growth. In the tables below, the unmanured means that the plants are 
unmanured with both, the mixture of two forms of nitrogen and superphosphates. 
As the beds were manured with sodium nitrate and ammonium sulphate prior to 
transplantation, it is expected that the relative growth rate will reach its maximum 
point earlier than it was the case in the previous series of experiments. It was 
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so found to be the case in previous series when the plants were manured with 
the mizture on the 1st August. 

Taking first the batch of plants wholly unmanured with the mixture and 
superphosphates, the fresh weight of the plants increases from 6'286 "gms. on the 
1st August to 366’7 gms. on the 15th October. The total leaf area on the 16th 
October is 5574 and tlie dry weight on the same date is 79‘500 gms. on 16th October 
and 106 gms. on the ] 5th Kovember (Tables XXXVI, XLI and XLII). On com- 
paring these results with those given for the unmanured plants in Tables I— VI, 
it will be seen that the yield of straw and grain are nearly the same in the second 
year’s experiments. The ratio of weight of straw to the weight of grain is 2'8:1 
as in the former case (Table XLII.) 

In plants manured with the mixture before transplantation and superphos- 
phates on 1st August the fresh weight increases to 692’6 gms. and total leaf area 
to 10420 sq. cm. on the 15th October. The dry weight per plant increases to 
184’3 gms. on the 15th November (Tables XLI and XLII). On comparing these 
values with those obtained for the plants manured with superphosphates on the 
16th August it wiU he seen that there is no difierence between them. In both 
cases the final weight of plants as well as the weights of straw and grain are equal. 
But when the plants are manured with superphosphates later than 16th August, 
it results in decreasing yield of straw and grain as could be seen from the results 
obtained in the case of plants manured on the 1st or 15th September or the 1st 
October. It appears from the results that manuring the plants with superphos- 
phates on the 15th September or 1st October has no efiect on the growth of the 
plant as the final dry weights, leaf areas and the fresh weight of the plants in two 
cases are nearly equal. It will also be seen that the ratio of the weight of the 
straw to the weight of grain is 2:1 in the last three cases of manuring and this is the 
ratio obtained in the manured plants with the mixture of nitrate and ammonium 
sulphate in the previous year’s experiments (Table VI). 

The results here show conclusively that, as in the case oi nitrogen fertilizers the 
plants should be manured early in August in order to get the maximum efiect. 

-Whatever manures are supplied later in the season it will always result in decreasing 
gain. 

Another important feature in these results obtained with the manuring of 
plants with superphosphates is the greater efiect of this manure on the vegetative 
growth than on the reproduction. It will he seen by comparing the results 
obtained in this investigation that there is a greater increase in yield of the straw 
than in the yield of grain. If the results obtained on the 1st August are compared 
with those obtained on the 15bh September (Table XLII) it will be seen that there 
is a proportionately greater yield of straw than of the grain on account of manuring 




fresh wfc, 
per 
plant 
in gms. 
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with, guperphosphates on tie 1st Angtist. Tlexe is a gain of 32 gms. in the etiaw 
weight and only a gain of 8 gms. in the weight of grain. Similar conclusions have 
already been arrived at as a result of experiments to test again the greater value 
of a mixture of nitrate nitrogen and ammoniacal nitrogen as a fertilizer than any 
one form used singly. The results were given in Table XXXV. Here also the 
greater increase in straw weight as compared to the increase in the yield of grain 
is due to the manuring of the beds with superphosphates before transplantation. 


Table XXXVI. 

Fresh and dry weights, leaf area and volvme of reds of uJiclly vrmanwed flant and 
of plants manured with St ferphesf hates. 


Total 

water 

content 

in 

gms. 


Dry wt. 
in 

gms. 


Date of manuring Nature of manure 


Fresh 
wt. of 
the 
leaves 


per 

plant in 
gms. 


Total 
leaf area 
in sq. 
cms. 


Volume 
of roots 


in o.G, 


ist Aust. 


1st Aug. . 
15th * 


1st Aug. . 
15th „ . 
1st Sep. . 


0*75 


19*5 

29-7 

28*0 


36*5 

48*5 

51*7 

45*7 


1058*4 

1654*8 


3422*4 

5568*4 

5288*8 


4842*0 

7848*0 

8004*0 

7012*0 


5-590 0*6958 


"Wholly unmanured 


1st August 1931. 
.1 1*32 1 6-286 


Table XXXVII. 
15th August. 

12*50 50*32 

20*50 82*50 

Table XXXVIIL 

1st September. 

39*88 171*1 

66*45 294*6 

63*20 277*2 

Table XXXIX. 

15th September. 

71*42 297*3 

107*84 456*6 

109*82 465-1 

98*52 427*0 


43*91 

72*49 


6*41 

10-00 


149*9 

256*2 

240*3 


21*20 

38*40 

36*84 


247*60 

383*40 

390*97 

358*80 


49*72 

73*17 

74-15 

68*54 


W holly unmanured 
Superphosphates 


Wholly unmanured 
Superphosphates 

fy 


Wholly unmanured 
Superphosphates 

9f . 

tf 
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Table XL. 


[Ill, ^ 


Fresh and dry weights 


, leaf area and volume of roots of wholly immanured plant and 
of plants marmred with superphosphates. 



Fresh 
wt, of 
the 

Total 
fresh wt. 

Volume 

Total 
leaf area 
inaq. 
cm. 

Total 

■water 

leaves 

per 

of roots 

content 

per 

plants in 
gms. 

plant 
in gms. 

in c.o. 

in 

gms. 


1st October. 


16fch „ . ; 
1st September . 
16th „ , . 


Wholly unmanured 

76*1 

331*7 

58*40 

o 

00 

269*9 

Superphosphates 

126*2 

547*0 

73*60 

9008*0 

440*6 


127*2 

555*2 

74*00 

9062*0 

466*8 

»» • 

118*2 

520*2 

72*00 

8460*0 

425*7 

» • 

110*4 i 

490*2 

69*75 

8202-0 

407*3 


Table XLI. 
ISth October^ 




Wholly unmanured 

78*90 

366-7 1 

60-6 1 

6674-0 

286*19 

79*50 

1st August , 

Superphosphates , 

138-60 

592*6 

76*5 

10420*0 

462*89 

129*74 

16th „ . 

1 

. ■ 

139*30 

595*6 

76*5 

10482*0 

465*69 

130*01 

1st September . 


129*31 

545*7 

74-0 

9389*0 

426-85 

118*87 

16th „ « 

1 

120*30 

602*0 

72-6 

8664*0 

392-94 

109*08 

1st October 


119*40 




391-60 

108-70 
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Table XLII. 

The weight of straw, grain and total dry weight. 


The relative growth rates of the plants mamired with superphosphates at diffe- 
rent stages of growth were also calculated as was done in previous year and the 
following table (Table XLIII) gives the values of the relative growth rates calcula- 
ted according to the formula given above. 

The carbohydrate analyses of the leaves, culms and roots of the wholly un- 
manured plants and of plants manured with superphosphates at different stages of 
growth were made every fortnight as was done in the previous year to see the effect 
of superphosphates on the carbohydrate contents of the plants. The results of these 
carbodydrate analyses showing the hexoses, cane sugar and starch contents of leaves, 
culms and roots are given in Tables XLIV — ^LV. The results are given as percen- 
tages of dry weight of the respective plant parts. 

Table XUII. 

Relative growth rates of the rice plants manured with superphosphates at different 

stages of growth. 


manumg 


1st Augast 


lat September 


1st October 



Wholly uiimanured 

IStk November, 

• • >1 

78-2 

27-8 

106*0 

2*8 ; 1 

1st August 

Superphosphates 

. 

• 

. 


128*0 

56*3 

184*3 

2*2 : 1 

''I'.Stb . yy. ^ • 




• 


127*5 

56*6 

184*0 

2:1 

1st September . 

»»' ' 

• 

m . 

• 


105*5 

52*1 

157*0 

2: 1 

15tb „ . . 


■ ■ • 

• 

• 


96*0 

48*7 

144^7 

2:1 

1st Oct. 

»> 


V 

• 


96*5 

48*8 

145*3 

2:1 




Weight of 

Weight of 

Total dry 

Ratio 

.Bate of 

Nature of manure 

straw per 

1 grain per 

weight per 

of 

manuring 

plant in 

plant in 

plant in 

straw to 



gms. 

gms. 

gms. '. 

grain 
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Table XnV. 

Carbohydrates in gms. per 100 gms. of dry weight. 
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Leaves 

j Culms and roots 

Date of manuring 

Nature of manure 

Hexoses 

Cane 

sugar 

as_ 

hexoses 

Starch 

as 

1 hexoses 

Hexoses 

Cane 

sugar 

as 

hexoses 

Starch as 
hexoses 


1 Wholly unmanured . 

1st August. 

4-713 0 

0*0580 

3*8770 

0-4708 


Ist August 


1st August 
ISth „ 


Table XLY. 
15th August. 


Wholly unmanured . 

•0-0697 

4*9742 

0*2798 

0*0745 

4*2840 

Superphosphates 

0-0657 

6*8342 

0*5047 

0*0910 

5*57b0 


Table XLVI. 
1st Septemher. 


Table XLVII. 
ISih September, 


0*7195 

0*9007 


Wholly unmanured , 

0*0561 

6*0489 

0*3896 

0*0609 

4*8210 

Superphosphates 

0*0637 

7*7143 

0*6792 

0*7300 

5*8540 

99 * 

0*0610 

7*4779 

0*6423 , 

0*7310 

1 5*7488 


1*2270 

1*4190 

1*4190 



Wholly unmanured 

0*0463 

6*7626 

0*4312 ] 

0*0442 

6-2747 

1*3210 

1st August 

Superphosphates , 

0*0501 

9-0379 

0-7496 

0*0486 

6‘36t33 

1*5230 

■ 16th „ 


0*0501 

9*1039 ‘ 

0-7361 

0*0492 

6*3958 

1*5380 

1st Septemhcr , . 

■ ■ . ■ , ■ , ,■ i 

99 

0*0458 

8*5761 

0-7174 

0*0477 

6*1703 ■ 

1*5220 
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Table XLVIIL 



Carbohydrates in gms. pr. 100 gim. of dry weight. 


Leaves 


Culms and roots 


Date of manuririg Hat tire of manuro 


Can© 

sugar Starch as 
as hexoses 
hexoscs 


starch 

Hexosos ^ as 

hexM 08 


Hexoses 


1st October. 


Wholly unmaimred 
Superphosphates 


!«fc August 


Ist September 


15th October. 


0-0518 10-0681 J 4-6120 


Taking the wholly unmaniired plant first it will be seen that the hexoses and 
cane sugar contents increase from 4'713 to 8‘9 gms. on the 15th October in the leaves 
and from 3-877 to 9-639 gms. in culms and roots. These values for the hexoses and 
cane sugar agree with those obtained in the case of unmanured plants in the previ- 
ous year (Tables XIII-XVIII). The starch contents are higher in the series than 
the strach contents of the previous year series. 

Taking the plants manured with superphosphates on the let or 15th August it 
will be seen that there is a slight increase in the carbohydrate contents of these 
plants as compared to the carbohydiate contents of the plants manured with the 



Wholly unmatmred 

0-0a49 

8-8691 

0-4400 

1st August 

Superphosphates 

0-0393 

10-8307 

0-5992 

16th „ 

, ■>> ■ ■ ' ■ * 

0-0395 

10-8405 

0-5862 

1st September . 


0*0387 

10-0313 

0-5716 

15th „ . 

99 . *■ 

0-0378 

9-7669 

0-6514 

1st October 

99 * 

0-0378 

9-6962 

0-6457 





’ ‘ A, / ’ I II , ' 


Ist August 
15th „ 

1st September 
16th „ 

1st October 
15th „ 


6*286 

Wholly unmanured 
0'6958 1 4*7710 

4*3478 

4*5594 

50*326 

6*4123 

5*3138 

5*0785 

5*1961 

171*130 

21*2090 

6*4946 

6*1090 

6*3018 

297*320 

49*7260 

7*2392 

6*6400 

6*9396 

331*720 

61*7800 

8*7816 

6-7350 

7*7583 

365*700 i 

79*5050 

9*3480 

11*7920 

10*5700 


Table LI. 


Plants manured with superphosphates on 1st August. 


1st August 
16th „ 

: “ 1st September 

Isfc October 


6*286 

82*500 

294*600 

456*650 

647*980 


0*6958 ] 
10*0004 i 
38*4072- 
73*1700 ’ 
98*3440 


692*620 129*7434 


4*7710 

7*4047 

8*4572 

9*8376 

10*7385 

11*4692 


4*3478 

4*5594 

6*5677 

6-9860 

7*3460 

7*9016 

7*9350 

8*8863 

8*9050 

9*8217 

16*5340 : 

14*0016 


0-0276 

0*5926 

2*9880 

6*2620 

9*2256 

19*2260 
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Table L. 


Told fresh and dnj weights of the whok plant and carbohydrates m kams, in culms md 
roots and in the whok plant at different stages of growth. 


Total fresh 
wt. in gms. 


Total dry 
wt. in gms. 


Total carbo- 
hydrates in 
leaves per 
100 gms. of 
dry wt. 


Total carbo- 
hydrates in 
culms and 
roots per 
100 gms. of 
I drywt. 


Totalcarbo- 

hydrates in Total oarbo- 


the whole 
plant per 
100 gms. of 
diw Wt. 


hydrates 
per bunch 
in gms. 


mixtuTe of nitrate and ammonium sulphate on the 1st or 16th August in the previ- 
ous year (Tables XXII and XXV). The larger amounts of starch present in the 
leaves, culms and roots of the plants manured with superphosphates in addition to 
the mixture is a special feature though there is no direct evidence to show that the 
increase in the starch contents is due to manuring with superphosphates. 
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Table LII 

Totalfmhanddry wet^hL') of Ihe whole plant and carbohydrates in leaves, in culms 
and roofs and in the whole plant at different stages of growth. 


Bate 

A 

Total fresh 
yviAn gms. 

* 

Total dry 
wt. in gms. 

Total carbo- 
hydrates in 
leaves per 
100 gms. of 
dry wt. 

Total oarbo- ' 
hydrates in 
culms and 
roots per 

100 gms. of 
dry wt. 

Total oarho- 
hydratesin ' 
the whole 
plant per 
100 gms. of 
dry Wt. 

Total car bo- 
hydrates per 
bunch in 
gms. 

Plants manured^ wth superphosphates on 15th August. 


1st August ■ ■ • 

6*286 

0*6968 

4-7710 

4*3478 

4-5594 

0-0276 

15tii „ . . 

60-326 

6*4123 

5*3138 

5*0785 

6-1961 

0*3325 

1st September * 

277*170 

36*8408 

8*1813 

7-2410 

7*7111 

2-8072 

15tb ft • > 

466*120 

74*1500 

9*8901 

7-9830 

8*9366 

6*4027 

1st October • 

555-200. 

99*3660 

10-7849 

8*9060 

9*8217 

9*4116 

16th „ . 

696-600 

130-0134 

1 11*4662 

16*5530 

I4-0096 

19*3882 



Table LIII 




Plants manured with superphosphates on 1st September. 


Isfc August 

6*286 

0-6968 

4-7710 

4-3478 

4*6694 

0 0276 

15tb ff m • 

60*326 

4*4123 

5*3138 

6*0786 

6*1961 

0*3326 

1st September , 

171-130 

21-2090 

6-4946 

6-1090 

6*3013 

1*3302 

16th „ . 

427-420 

68*5400 

90*3394 

7*7400 

8-6892 

6*6325 

1st October 

520-240 

94*5000 

10-4879 

8*6900 

9*5389 

8*6464 

15th „ . 

545*730 

118-8740 

10-6416 

16-0140 

12-8278 

16-1513 

1 




- 
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Table LIV 


Total fresh mid dry weights of the whole plant and caSohjdrates in milms and 

roots and in the whole plant at different stages of growth. 





Tofcal carbo- 
hydrates in 
leaves per 
100 gms. of 
dry wt. 

Total csrbo- 

Total carbo- 





hydrates in 

hydrates in 

Tctai carbo- 

Date 

Total fresJi 
wfc. in gms. 

Total dry 
wfc. in gms. 

■ culms and 
I’oots per 
100 gms. of 

the whole 
plant per 
100 gms. of 

iiydrates per 
bunch in 

' ■gms. ;,■■ 




dry wfc. 

dry wt. 



Plants manmed with superphosphates on ISth Sepiemhcr. 



1st August. 

6‘286 

0*6958 

4^7710 

4*3478 

4*5594 

()‘027G 

15tU „ . . 

60-326 

6*4123 

6*3138 

6'0785 

5*1961 

0*3325 

1st September . 

171U30 

21*2090 

6*4946 

6*1090 

6*3013 

1'3302 

15th „ . 

297*320 

49*7260 

7*2392 

6*6400 

6*9396 

3-4.032 

1st October 

499*200 

91*8080 

10*1204 

8*5no 

9*3157 

8*2788 

16th „ 

502*000 

1090810 

10*3562 

14*6640 

12*5050 

14*4342 


Table LV 

Plants manured with superphosphates on 1st October, 


Ist August 

6*286 

0*6958 

4*7710 

4*3478 

4*5594 

0*0276 

16th „ . 

50*326 

6*4123 

5*3138 

S-O'JSS 

5*1961 

0*3326 

1st September . 

171*130 

21*2090 

6*4946 

6*1090 

6:3013 

1*3302 

16th 

297*320 

49*7250 

7-2392 

6*6400 

6*9396 

3*4032 

1st October 

331*720 

61*7800 ! 

8-7816 

6*7.350 

7*7583 

3*5632 

16th „ 

500*000 

108*7000 

10-2797 

14*7220 

12*5008 

14*3379 


In Tables L to LV the total carbohydrate contents of leaves, culms and roots 
and of the whole plant as percentage of dry weights are given. The total carbohy- 
drates per bunch of each series are also given. The total carbohydrates per 100 
gms. of dry weight of wholly unmanured plants increase from 4*55 gms. to 10*57 
i ! i I'te 15th October. These values agree with the rotal carbohydrate values 

of the unmanured plants as determined in the previous year (Table XIX). In 
plants manured with superphosphates on the 1st or 16th August the total carbohy- 
drates increase to 14 gms, onitlie }5% October (Tables LI and JjII), So there is an 
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increase of two per cent, in tie carbohydrate contents of the plants manured with 
superphosphate on the 1st or 15th August over the carbohydrate contents of the 
plams manured with the mixture of nitrate and ammonium sulphate on the 1st or 
15th August (Tables XXII and XXV). The total carbohydrate content per plant 
is also very much higher in the plants of the same series than the carbohydrate 
contents per plant in the previous two series. 

The total carbohydrate values per 100 gms. of dry weight of the whole plant or 
per plant in the case of manuring with superphosphates on the 1st September, 16th 
September or 1st October (Tables, LIII, IjIV, LV) are nearly equal to carbohydrate 
values in the plants manured with the mixture on the 1st or 16th August in the 
previous year (Tables XXII and XXV). 

Conclusions. 

The relative growth rate of the rice plant reaches its maximum in August and 
then it begins to fall. The leaf area ratio, that is, the leaf area per unit dry weight 
of the plant also reaches its maximum early in August after which there is a con- 
tinuous fall in the leaf area ratio. These results suggest that the best period of 
manuring the plants, so as to obtain the maximum effect would be the period, when 
the relative growth rate of the plant is highest. This has been found to be the case 
w'hen the above assumption was put to the test by making the growth analyses of the 
plants manured at different stages of growth. The fresh and dry weights of the 
rice plants, their leaf areas and the volumes of the roots when manured on the 15th 
August with a nitrogenous fertiUzer such as a nitrate or ammonium sulphate br 
both together on equal total nitrogen basis are higher than when the plants are 
manured at any other period. 

The results obtained in this investigation have also brought to light the fact, 
that a mixture of ammqniacal nitrogen and nitrate nitrogen lias more beneficial 
effects on the growth and yield of grain of the rice plant than any one form of 
nitrogen used singly in equal proportion. The maximum growth and yield are 
obtained when the piants are manured in August with a mixture of two forms of 
nitrogen. Even when the plants are manured with the mixture of the two forms of 
nitrogen, on any other stage of growth, though the growth and yield are compara- 
tively less than those of the plants manured in August, they are higher than the 
growth and yield of plants manured with a single form of nitrogen on corresponding 
stages of growth. So at all stages of growth the mixture of two forms of nitrogen 
has been found to be a batter fertilizer than any one form of nitrogen used singly. 

The ratio of the dry weight ot the straw to the Weight of the grain in unmanur- 
ed plants is 2*8 : 1, in the plants manured with nitrate nitrogen it is 2*6 : 1, in 
plants manured with ammoniaod nitrogan it is^ and in plants manured with 
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tie mixture of tli^^ forms of nitrogen is 2:1 (Table VI). The results indicate 
tliat there is greater production of grain as compared to the vegetatiYe growth when 
the plants are manured with the mixture of two forms of nitrogen; 

The beneficial effects of manuring with the mixture of two forms of nitrogen are 
also shown by the carbohydrate analyses of the rice plants unmanured as well as 
manured with one form of nitrogen. The carbohydrate contents of plaiits manured 
with the mixture at any stage of growth are higher than the carbohydrate contents 
of plants manured with one form of nitrogen only on the corresponding stage of 
growth. The higher carbohydrate contents conclusively indicate greater vigour and 
greater growth of the plants than those with lesser carbohydrate contents. 

The carbohydrate contents of the plants manured with the mixture of two 
forms of nitrogen in August are higher than the carbohydrate contents of plants 
manured at other stages of growth. The same is true in the case of plants manured 
with the nitrate nitrogen or ammoniacal nitrogen. These results again support the 
conclusion that early manuring results in better growth than late manuring. 

The manuring of plants with nitrate nitrogen at the flowering stage results in no 
increase in yield of grain or straw as compared with the yield and growth of the 
totally unmanured plants (Table VI). The same holds good for the carbohydrate 
contents of the plants in the two cases. These results do not support the view 
that the rice plants should be manured at the flowering stage when the assimilatory 
activity is at its maximum. It is true, as shown by Dastur and Chinoy [1932] that 
the photosynthetie activity reaches its maximum at the flowering stage (i.e., in the 
first half of October) but the manuring of plants at that stage does not in any way 
increase the production of carbohydrate material. It is very necessary that the 
various raw materials must be present in the plants in proper form and quantity, 
so that when the period of maximum assimilatory activity arrives, they may be 
rapidly synthesked into proper food substances. In order that the raw materials 
may be ready in proper forms suitable for rapid assimilation it is necessary that the 
manures should be supplied to the plants at an early stage, when the growth is 
most rapid. It appears from the results obtained above that an application of nitrogen 
in any form exactly at the time when the plant passes through the most vigorous 
period of assimilatory activity results in no increased output of food substances 
and therefore, it appears that the nitrogen suj>plied, even though it may be absorb- 
ed by the plant is not made use of by the plant. This Is very likely as many 
, instances are now known when the absorption and accumulation of certain salts 
ocour in plants on account of the permeability of protoplasm even though these 
salts are of no use to them either for the purpose of growth or reproduction. 

It i^ also natural that nitrogen should be supplied at a period when there is 
maximum expansion of vegetative parts so that it may result in an enhanced 
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growth. This has been found to be true as the results ol the relative growth rate 
of the plant will show/ ^ ^ ^ ^ ^ ^ ^ ^ 

The beneficial effect of early manuring on the growth and yield of the rice 
plants not only holds good in the case of nitrogen only, but holds good for other 
manures also as could be seen from the results obtained with superphosphar^e 
(Tables XXXVl— XLII). A greater increase in dry weight of the plant as well as in 
the yield is obtained when the rice plants are manured with superphosphates in 
August than when the manuring is done later in September or October. The 
results of carbohydrate analyses of the plants manured with superphosphates also 
point to the same conclusions (Tables XLIII— LV), The carbohydrate contents of the 
rice plants manured with superphosphates on the 15th September and the 1st 
October show no great increase (Tables LIV and LV) as compared with the carbohy- 
drate contents of the rice plants manured with the mixture oi two forms of nitrogen 
(Tables XXXI and XXXIV). (Ciomparison with plants manured with the mixture 
of two forms of nitrogen is here made as the plants manured with superphosphates 
were also manured with the mixture of two forms of nitrogen at the cime oi trans- 
plantation to avoid deficiency of nitrogen.) 

Manuring with superphosphates results in a proportionately greater vegetative 
growth than reproductive growth as could be seen from the ratios of the dry 
weight of the straw to the yield of grain/ There is proportionately greater increase 
in the straw weight. 

Ih plants manured with superphosphates on the 16th September and 1st 
October, the ratios of the straw weight to grain weight are 2:1 in both cases. 
Now this is the ratio for the plants manured with the mixture of two forms of nitrogen. 
As these plants were manured with the mixture of two forms of nitrogen at the 
time of transplantation, the ratio 2 ; 1 shows that there is no greater increase in the 
straw weight as compared to the increase in grain weight. The actual straw weight 
and grain weight per plant in the plants manured with superphosphates on those 
two dates are 96 and 48 grms. respectively (Table XLII). The straw weight and 
grain weight of the plants manured with the mixture of two forms of nitrogen on 
the 15th August in Table VI are 100 grms. and 48 grms. respectively. So the results 
obtained with additional superphosphate manuring show no increase in straw 

weight and grain weight. The results again point out that if manuring with the 

mixture of two forms of nitrogen is done at the time of transplantation (20th July) 
i.c., earlier than 1st August, beneficial effects are still obtained. 

The conclusion that superphosphates increase the vegetative growth m greater 
proportion than the reproductive growth is supported by the results given in Table 
XXXV when the plants in four beds were first manured with superphosphates 
before transplantation. The addition of superphosphates has increased the ratio of 
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straw weiglit to graiu weight of plants unmajiured with any form of nitrogen 
2*8 : 1 to 3*3 : I. Similarly the ratios of straw weight t50 grain weight are higher 
in plants manured with nitrogen also, than they are in plants nnmanured with 
superphosphates (Table VI) and manured with nitrogen. 

The results discussed above are obtained with plants grown in very small plots 
in the garden of the Institute. It is essential that these results be tested in the 
fields. This is being attempted now at several places in the Bombay Presidency. 


Summary. 

It was undertaken (u) to determine the relative growth rate of the rice plant, 
(b) to determine the best period of manuring the rice plant so as to obtain the 
maximum effect with a minimum expenditure of fertilizer, (c) to study the effect of 
nitrate nitrogen, ammoniacal nitrogen and a mixture of the two forms of nitrogen 
on equal total nitrogen basis on the growth and yield of the rice plant, and (d) to 
make carbohydrate analyses of the rice plants to determine the effect on The 
carbohydrate contents of the plants manured in any one of these ways at different 
stages of growth. 

2. Eice seedlings of the Coliimba variety No, 42 were transplanted in July 1930 
in specially prepared beds. One batch of plants was manured with potassium 
nitrate, another with ammonium sulphate and a third with a mixture of potas- 
sium nitrate and ammonium sulphate on the 1st August. Similarly three other 
unmanured batches were manured with three forms of manuring on the 15th 
August. The same was done for another three batches on the 1st September and 
the process followed with other unmanured batches of plants on the 15th September 
and 1st October respectively. Each batch was thus manured with one type of 
manure once only. A batch of plants was kept unmanured. 

3. The fresh and dry weights of leaves, of the culms and roots, volume of the 
roots and leaf area were determined every fortnight for all the batches manured^^i 
three different ways at the end of the five stages of growth. Similar records were 
kept for the unmanured plants. 

4. The relative growth rates of the unmanured and manured plants were 
determined according to the formula E. G. E.=Loge Loge Fq, where Wq and 
W, are the dry weights of the whole plant on two consecutive periods. Similarly 
the relative growth rates of the leaves were also separately determined. The leaf 
area ratio, i.e., the total leaf area per unit dry weight was also determined in all 


of the leaves, culms and roots of the plants of all 
to the methods, recently published by Dastur and 


Samanf [V. 


i 


EElIiATIVE GROWTH RA.TE, CARBOHYDRATE CONTENTS AND YIELD OF RXOS PLANT 10 H 

6. The relatiYe. growth, rate of the rice plant reaches its maximum in August, 
The same is true of the relative giWth rate of the leaves and the leaf area ratio. 
This holds good for the plants of all the difterent batches differently treated. 
(Figs, 1 10:13.) v,„.. ■ - 

three forms of nitrogen it is 
noticed that the maximum relative growth rate is still reached in August. Among 
the three forms of mamiriiig the mixture of nitrate and ammoniacal nitrogen is the 
best as the growth rate of the plants at any stage of manuring is higher than 
the growth rate of the plants manured with either nitrate or ammoniacal 
nitrogen alone (Figs. 1 to 5), The dry weights of the straw and weights of the 
grain of the plants follow the same rule, the maximum yield of both being obtained 
in plants manured with the mixture of two forms of nitrogen on the 16th August. 
The rati ) of the straw weight to grain weight in unmanured plants is 2*8 : 1 , 
in potassium nitrate series 2‘6 : 1, in ammonium sulphate series 2*4 : 1 and 
the mixture series 2 : 1. 

The increase in growth rate and the yield of grain ot the rice plants manured 
on 1st October {«., flowering stage) are negligible as compared with those of 
iinmanured plants. In order to obtain the maximum effect with a single doze of 
manure the plants should be manured in August with a mixture of two forms of 
nitrogen. 

7. The results of carbohydrate analyses of the plants of the different batchee 
show the same features as the growth analyses, the maximum carbohydrate con- 
tents being found in plants manured wirh the mixture of two forms of nitrogen on 
15th August. 

8. The experiments were repeated in the next season by using sodium nitrate 
in place of potassium nitrate to meet the objection that the increased growth rate 
and yield of plants treated with potassium nitrate and ammonium sulphate was 
perhaps caused by the presence of both potash and ammoniacal nitrogen. The 
beds were also manured with superphosphates before transplantation to make sure 
that the soil did not lack in phosphates. Exactly the same results were obtained 
as above. 

9. It was then undertaken to determine whether the maximum beneficial 
efiects of early manuring in August were specific for nitrogen fertilizers only or 
whether the same is true of other manures also. Similar series of experiments 
were made by manuring plants with superphosphates at different dates and it was 
found that the greatest increase in yield and the carbohydrate contents were 
obtained in plants manured on August 10th. As a result of this investigation two 
facts are discovered (1) the mixture of two forms of nitrogen is a better fertilizer 
than any one used by itself ; (2) the mamiring of the plants should be done early in 
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AugBsi; or etens atthe traasplaotation stage. Late maBtirmg lias yery little 
effect on the growth and yield of the rice plants. 

The findings of this inTestigation are now being practically tested in the field 
and the results obtained in the field will be communicated in a later contribution 
on the subject. 
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1. Inteobuotion. 

The following investigations were undertaken in order to find out the nature of 
the different forms of Saocharnm spontaneum, collected and grown for study at the 
Sugarcane Station at Coimbatore, with a view to tracing out their relationships and 
to classifying and grouping them into sub-species, varieties or forms as the case may 
be. The wild Saocharums have been receiving considerable attention in recent 
times, as the hope is widely entertained that by employing them as parents, it 


* Ooutribubion from the Bepartmeat of Botany, University of Madras. 

1013 



1017 

1023 

1024 
1026 
1026 
1028 
1037 
1040 

1042 

1043 

1044 


1014 


INDIAN JOXTENAD Ot AGBICDLTDRAL SCIDNOE 


[ 111, VI. 


might be ultimately possible to breed seedlings highly resistant, if not immiane, to 
the various diseases prevalent in cultivated canes. In the year 1928, an aeroplane 
expedition under Drs. Braudes and Jeswiet explored the island of New Guinea in 
search of such types, and resulted in collection of a number of forms, the most 
important of which is claimed to be a giant form called SaoeharuM robuskm. 

The need for such a study has been long felt, and though the subject has already 
been investigated to a considerable extent from several points of view, there are 
many who still believe that a careful study of the wild forms growing in India and 
in the Oceanic islands would disclose well-marked groups among them and may 
furnish a clue to tbe origin of the three species of cultivated canes. Considering 
the fact that SaGcharum sponfaneum has a distribution from S. Europe to the South 
Sea Islands, extends over the entire tropical and sub-tropical belt of the Old World, 
ascends to an altitude of 6,000 ft. and is adapted to a series of ecological habitats, 
it is not unlikely that an investigation of the forms would lead one to distinguish 
groups, possibly species among them. This w^as felt all the more when several of 
the forms were collected from different parts of S. Asia and grown side by side at 
Coimbatore, for the forms so grown showed obvious differences in many respects. 
Some of the important differences were pointed out by the Government Sugarcane 
Expert [Venkatraman, 1930], whenhealsG emphasised the necessity for making a 
close study of the torms. The fact that the Java form when crossed with sugarcane 
gave seedlings with poor sucrose content and a high degree of resistance to mosaic, 
the Coimbatore form in a similar cross behaved in quite the reverse manner, v yield- 
ing-seedlings with.a higher sucrose content and a low resistance to mosaic, suggested 
that in their genetic composition the different forms might show interesting and 
perhaps useful differences. A study* of the forms was therefore regarded as highly 
desirable as well for its own sake as for its utility in the classification of Saccharum^ 
and in the breeding of useful varieties of sugarcane. 

An old Linnaean species, Saccharum sponfmeum mentioned by Kuntb in 
Enumeratio Plantarum is very restricted, but in its present sense it includes the 
three Indian species S, sponfaneum, 8. semidecumbens and 8: camliculaium of Rox- 
burgh. Hackel in his monography of the Andropogoneae describes three sub-species 
under 8, spmtaneum : itidkm, aegyptiacum and Imonicum. The sub-species indicum 
18 divided into two varieties, genuimm and juncifolium, of w'hicb the first has by 
far the widest disfcributioii in Southern Asia, and includes within its range Rox- 
burgh’s three species besides others. Under sub-species aegyptiacum are brought 
together three varieties, from Egypt, Java and Nepal respectively. The sub-species 
luzomcum is restricted to the Philippine Islands. 

^ As the stai at tfee Sugarcane Station was engaged solely on the economic aspect of cane breeding, 
this purely academic quwtion of studying the different wild forms was left to a. University, that could 
bring to bear upon tbe problem a more detached outlook. 
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Hole [1911] dealing with the ecological aspects of 5. spontanenm believes 
Hackers var. to be m several ecologicol forms of the 

Indian form. He makes the suggestion that the sub-species could be extern 

ded to include sub-species believes that it is inadvisable that 

these forms with their intermediates should be separately defined under different 
names as sub-species or varieties. 

In the later attempts at the classification of fho geims Sacchanm, niiicli im])t)rt- 
aiice has not been given to the various forms oi Sacolmrum sponUineum so far as tlie 
available literature show^s. Jeswiet in reducing HackeFs twelve species of &c- 
c^arww to four, distinguishes S. spontaneim in the main from the others by the 
presence of the IV glume, the ciliation of the lodicules and the presence of long 
underground root-stocks. Bremer [1925] finds different chromosome numbers in 
the Glagah varieties of Spontamum iimx and Celebes, and adds that this 

difference is associated with morphological differences between them. He also 
suggests that if more Glagah individuals with 40 chromosomes become known and 
described, they may have to be separated as a distinct, species. 

IL MaXERIAU ATSjB METHODS. 

The present study, it may be mentioned at the outset, is confined to the, forms 
of SmcJmnm spontanmm, which had been obtained from time to time from various 
parts of Northern and Southern India, Burma and some of the Islands of the 
East Indies, and as such, is limited in scope. There are about twelve different 
forms in the collection, including the foreign specimens, and all those have been 
propagated from year to year by cuttings or setts The first plantings had been 
made by the late Dr. Barber as early as 1911, and the most recent additions, made 
by Rao Bahadur T. S. Venkatraman, have been^dhere for the past three or four 
years, and in the course of these years, they have been grown continuously in fields 
under uniform conditions, receiving the same treatment in cultivation as the Indian 
canes. They have throughout been under the observation and care of Mr. R. 
Thomas, who has a personal and intimate knowledge of tbem ; and in the course 
of these twenty or more years they have not been noticed to exhibit any important 
change in habit or general appearance as a consequence of thf^ new environmental 
conditions— a circumstance of some significance to be mentioned hereafter. 

The forms investigated were altogether thirteen in number ^ and the names 
adopted here are those by which they are labelled in the Sugarcane Station. Of 
the thirteen, the last one was found to be an Erianthus, . and therefore exciudecl 
from this account. No. 9 in the following list is a seedling of No. 8, and was 
grown separately because it showeil 1 higher sxicrose'content. As liowever, this 
difference was not accompanied by morphological differences, it has been meidioned 
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jointly under Dacca. Holes I and Holes IV were reared from seeds obtained from 
Debra Dun ; they also showed differences in the sucrose-content, but not in their 
morphological characters. They are jointly referred to as Holes. 

The following table gives the available information* about the collected 
forms: — 

Table!. 

Original habitat; date and mode of first planti}>§ of S'pontm&uxa. forms. 


Obtd. 
in the 
year 

place of collection 

Original habitat 

1927 

Lahore, Punjab . . 

Along river-banks. 

1911 

Coimbatore 

Elevated places in a 
tank. 

1930 

East Ghitra Ohavadi, 
near Coimbatore, 

Banks of a stream. 

1914 

Assam . . . 

Not known. 

1916 

Godavari Dt., S. India. 

Bands near wetlands. 

1912 

Debra Dun, N. India . 

Not known. 

1912 

Ditto 

Do, 

1914 1 

Dacca, Bengal . , 

Ponds. 

... 

(from Dacca form in 
Ooimbatore.) 


1929 

Upper Burma, near ! 
Mandalay. 

Not known. 

1917 

Pasoeroean, Java 

Do. 

1929 

Prapat, Sumatra 

Do. Alt. 4,000 

ft. 

1929 

IMtto 

Do, 


Seedling. 

Sett. 

Seed. 

Da. 

Sett. 

Seed. 


1 Lahore 

2 Local 

3 E. 0. 0. . 

4 Qerah Bon 

5 Eellagadi . 

6 Holes I . 

7 Holes IV . 

8 Dacca . 

9 M11292 . 

10 Burma . 

11 Glagah . 

12 Sumatra « 

13 Gigas 


The work of investigation was mainly along two lines, morpliologicalj both 
floral and vegetative, and histological including the internal anatomy and the 
nature of the epidermis. Morphological descriptions and data were taken in the 
field "^J^h as much detail as possible, but it was found unprofitable to take extensive 
notes of such characters, as for instance, the number of joints in the cane, etc. 

^ ♦ supplied to me by Mr. B. Tlumas, the Senior Assistant of the Sugarcane 

Breeding Station. The maintenance of thp vayious forms and the collection of some of them are iargelv 
dup to h^i Jfeeiums Slid ' ^ ^ ' *^ 7 
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This in relation to growth and branching has been amply dealt with by Barber 
[1919] and to some extent also by Hole [1911]. A large number of characters 
were applied and compared, but showed no or only very insignificant differences 
and were therefore reieeted. But, in general, attention was paid not only to the 
characters relied upon by systematists but also to those obvious field characters 
used by the staff of the Sugarcane Station in arranging cane varieties, as far as 
they w’ere found useful. 

A detailed examination of the inflorescences and of the flowers was made 
under a stereoscopic microscope, and measurements of parts of spikelets made with 
an ocular micrometer. At first over twenty spikelets of each variety were measured 
and averages worked out, bub as very little variation was observed, the number 
was later on reduced to fifteen or km. The number of inflorescences examined 
in each case was one or two, as most varieties flowered only once, and some 
produced only one or two arrows. 

In the investigation of anatomical structure, permanent preparations from 
a hand microtome were used. Cross and longitudinal sections of the various 
parts of internodes at various stages of growth were examined, as well as cross 
sections of the laminae. 

Studies on the epidermis were made from peels of the epidermis, obtained by 
treating the required portions of the plants with Schultz’s maceration mixture, 
used in similar studies on cane varieties by Artschwager [1930] ; but as semi- 
permanent preparations were, required, the material was stained for cellulose with 
tannic acid and ferric chloride, and for cork with Sudan III and mounted in 
glycerin. Examination was made in each case of :— 

1. Epidermis of a well-developed internode, 

2. Epidermis of stolons and rhizomes. 

3. Epidermis, both upper and lower, of the leaf-blade. 

All epidermal counts were made under the microscope. 

III. GeUEBAL DESCRIPTION. 

(a) External morphology . — The specimens of Sacchanm spontaneum grown for 
study at Coimbatore are tall, perennial, gregariously growing grasses ; erect, 
decumbent, or almost prostrate, tufted or evenly scattered, often provided with 
long creeping rhizomes ; moderately to heavily stooling, attaining a height of 8 to 
18 ft., excluding the undergroimd stolons, prostrate culms reaching still greater 
lengths; varying in thickness from '2 to ‘6 inch. Growth vigorous in some, slow 
in others. Innovation shoots intravaginal or extravaginal, developed mostly on 
culms which have arrowed or been destroyed by the moth-:borer, less often also 
on growing shoots, Culms rooting at the lower nodes in prostrate forms or whep 
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flooded with water, ^ ^ straight, in prostrate forms and in the snbte 

portions of erect forms, curved or bent; very rarely slight^ staggering at th^ 
nodes ; erect forms always straight above the ground level. Pistnlar in older and 
full-growm parts, and in the midergronnd stolons ; solid in younger portions. Pale 
green to glaucous green, sometimes deep chrysolite green in colour when young, 
lmf!-yellow to maize-yellow and boDe-white when old but not exposed by 

the fall of the leaf-sheath ; ochraceous tawney to morocco-red or claret-brown 
if exposed to the. sun. On the surface, longitudinally finely parallel-striated on 
the internodes, owing to the pressure upon them of the veins of the leaf-sheath ; 
polished, lightly to heavily pruinate especially where still protected by the leaf- 
slieath. Sparsely to pronouncedly silky below the panicle and between its nodes, 
elsewhere glabrous. 

The number of nodes on an aerial culm may be as high as 28-30, but on an aver- 
age varies within 16-26. Nodes slightly constricted at the insertion of the leaf on 
the culm and always at right angles to the length of the cnim. Internodes terete to 
subcylindrical, not channelled above the bud, except w here the bud has commenced 
to grow at an early stage ; shoitex towards the base of the culm, longer above, 
produced when the growdh is vigorous; generally very long immediately below 
the panicle. Length of the internode from 2 to 6 inch in some forms, 4 to 12 
inch in others ; internode widest at the growth-ring ; below, abruptly narrowed at 
the root-band, as far downwards as the insertion of the lower leaf-sheath ; above 
the growth-ring, it tapers gradually and slightly towwds the top of the internode 
to dilate again just about half -an-inch below the upper node. The root-band 
portion thus appears slightly swollen and rounded. Older internodes generally 
more uniform in thickness. Bloom in the younger internodes deposited only 
towards the top of the internode, while' in older ones, it extends more or less 
uniformly and profusely all over the internode, being slightly heavier and more 
|)ersistent at the glaucous hand just below the node, and is absent at the root- 
band,.,' ■ ■ 

The growth-ring in younger internode# is even,- tender and of a bright grass- 
green colour, not loeaiised to a narrow band. In older ones it is even or slightly 
elevated as a. narrow ridge ; hard and concolorous or a shade more yellowish than 
the proper internode. The width of the ridge may be as little as *05 inch in tufted 
and dwarfed forms, and as much as •12 inch in prostrate and robust forms. 
Sometimes unequal in widh all round, being wider on one side than on the other, 
this being brought about where the culms have bent or straightened themselves 
secondarily through the activity of the growth-ring, 

the root-band varies in width from *2 inch to *4 inch ancbixi some cases less 
than *2 ineh^ distinctly lighter m colour than or sometimes concolorous with the 
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corresponding internode, rarely greenish tinged. Except in fully dry internodes, 
it is imprinted upon by the veins of the adpressed leaf-sheath. 

The characters of the buds were found to be more or less unstable, for though 
constant in the same clump, they vary in the seedlings. In shape they may be 
diverse, and possess the characteristic hair-groups often used in the classification 
of cane varieties. 

Though several categories of structures are morphologically equivalent to 
the leaf-sheath, the term as used here refers only to that home on a full-grown 
aerial culm, and possessing a more or less well-sized lamina. Such a leaf-sheath 
varies in length from 8 to 13 in. and may sometimes be as long as 17 in. Width 
greatest at the very base, varying from '8 in. in thin-stenomed plants to 2'4 im 
in robust ones, and narrowest at the junction of the sheath and the blade. 
Sheaths persistent • extending at the base about 1| times round the base of the 
internode, sometimes a little more, sometimes a little less, the outer margin 
overlapping the inner. The overlapping margin is alternately the right and the 
left one in successive nodes. The inner margin at the node reaches close to or 
within half-an-inch of the bud. The sheath is coriaceous and thickest medially, 
particularly just above the bud, becoming gradually thinner towards the margins 
where it is delicate and membranous. A circlet of cilia may be present at the 
base as in some forms, or indistinct or absent as in others. In the robust forms 
the margin of the sheath is ciliated towards the top. The sheath in some is 
glabrous, in others covered with a thin vestiture of spiny hair, which may he 
persistent or early deciduous. In the Dacca form hair is present in the lowermost 
sheaths, the later-produced sheaths being glabrous. The vestiture of hair is 
absent in the youngest sheaths ; in older ones which are stiU protected by the lower 
sheaths, the hairs are adpressed upwards. The hairs stand out when the sheath is 
exposed. 

The sheath may he green, partly flushed purple or quite purple, in some cases 
purple interiorly at the base, rarely glaucous. In some forms all the sheaths are 
green, while in others, the early-produced sheaths are purple, later ones green. 


Leaf-shea th, purple 
Early sheaths alone purple 

Leaf-sheaths always green 


• E,0.0. 


^Sumatra. 

Giagah. 

,■< Dacca, 
Burma. 
l^Keliagadi, 


fLooal. 

J Holes. 

*1 Gerah Bon. 
uDahore. 


Thethroatis glabrous or slightly pubescent behind the ligule in some and 
bearded and lanate in others. A fine of modeiately long cilia may be present be- 

G ■ 
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hind the ligiile as in Dacca. On either side of the ligule or just Tbeliiiid it is a tuft 
of long cilia, which is noticeable above the shoulder of the leaf-sheath on either 
side. These tufts may be more or less conspicuous, in some more than in others, 
but are always present, and where marginal cilia occur on the sheath, these tuftvS 
are contimious with them. 

The ligule is deltoid to roundedly triangular in some and truncate or crescent- 
shaped in others. In the former the length along the median line varies from 
*08-in, in Lahore, to 'Sun. in some of the more robust prostrate forms - this vertical 
length is more or less equal to the width of the ligule at its base, with only slight 
departures. In the second type of ligule, the length along the midline varies from 
*08 to vlSin., but the width of the curved base is three to six times this length. 
The basal line of the deltoid ligule is almost straight and slightly depressed in the 
middle and at either end in some ; in the Lahore form the ligule is reduced in sixie 
and the depressions of the basal boundary are approximated. In the crescent- 
shaped or truncate ligule the basal border is widely curved with a slight depression 
in the middle. The ligule is glabrous and polished on the adaxial surface, finely 
ciliate or Btipate dorsally, the cilia being minute and. adpressed. The margin is 
finely and shortly ciliate in the early stages, bnt later fimbriate and often broken- 
ly indented and scarioiivS. Ghartaceous to membranaceous, hyaline to opaque, pale 
white to pale-gruvss green, but early discoloured to brown. 

Collar is the name given to that part of the abaxial surface of the leaf where 
the lamina joins the sheath. This region is invariably marked, distinctly in some, 
and indistinctly in others by two triangular, rarely almost semi-circular areas, the 
apices of the triangles almost meeting over the abaxial surface of the midrib. They 
are called the transverse mark bands "'". They may be yellow or 

bright green or sometimes discoloured to brown ; glabrous, kter sometimes slightly 
glaucous. 

While all the sheaths on an aerial culm generally bear a lamina, this is by no 
means always the case, for no lamina is borne by those sheaths at or near the 
ground level, or by the lower scales of the innovation shoots. The description 
given below, therefore, refers only to the prominent leaves of an aerial culm which is 
yet too young to flower. 

The number of such leaves on an aerial culm is about five, ranging betw^een four 
and seven, and only in the case of Gerah Bon it is well over seven. The number 
of leaves is more or less constant throughout the life of the culm. The average 
length varies from 2 ft. in some prostrate forms to 4 or 5 ft. in some of the tufted 
ones, and may sometimes be as great as 6|- ft., *3 to 1 in. in width at the widest 
portion. ; In the Lahore form the lamina is reduced to the midrib, and is thus only 
*1 in. in width, the width of the midrib, 
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Tlie leaf-blades are long, linear, narrow to very narrow, tapering towards tie ; 

apex, whicb ends in a long fine point ; gradually narrowed from the middle towards i 

the base. In sonae forms the lamina is reduced to the midrib at the Joint between | 

the lamina and the slieath ; in others a considerable portion of the lamina is present i 

on either side of the midrib at the joint. Generally gently curved along the entire j 

length, except in Lahore, where it is erect and stifi. Sea-green to bright grass- 
green in colour, subcoriaceous, rigidulous, subscurfy to scurfy towards the apex 
on the upper surface and smooth towards the base and on the lower surface; 
margins scabrid, except in Lahore. Midrib prominent, white or lighter in green 
than the lamina, concavely channelled on the adaxial surface, and deeply convex 
below ; widest at the base, gradually tapering towards the apex, percurrent but 
absent at the very apex of the lamina, ‘1 to *26 in. wide. 

The inflorescence is a panicle, varying in length from 8 in. in some specimens 
to 2 j ft. in others, and in width from 6 in. to 12 in. at base ; generally lanceolate to 
conical when fully spread out, but in some cases also oblong-conical or oblong ; 
borne well above the leafy clump by an elongated central axis. In colour pale or 
greyish white, cream or golden brown, greyish brown or rarely purplish grey, spot- 
ted when the glumes are red-blotched or when the purple-coloured stigmas are pro- 
truded, and almost white to silvery white in the fruiting stage. In texture soft and 
downy, especially where the callus-hairs are long and profuse. Main axis always 
silky-pubescent below the panicle, more so in some than in others ; may have a dia- 
meter of from *08 in. in some to *2 in. in others, the stouter axes not necessarily 
being borne by the more robust forms. Terete below the panicle, but ridged bet- 
ween its nodes, the ridges being caused by the secondary axes which are folded up- 
wards and pressed against it during the so-called ‘‘ boenting stage that is when 
the inflorescence is still enclosed within the sheaths of the flag-leaves. In this 
region the axis is sparsely silky-haired. 

The secondary axes are in whorls on the main axis, and when the inflores- 
cence is fully spread out, they spread outward almost at right angles to the main 
axis. They are more or less pulvinate at base, and are not all inserted on the main 
axis at the same level ; indeed, in some cases they may be irregularly distributed in 
the region oi the node. The longest racheae ate near the base, but the lowermost 
racheae are very short in a lanceolate panicle. In some forms the long basal secon- 
dary axes bear branches of the third order. Eacemes short- jointed, length of the 
joint rarely exceeding *26 in. Joints filiform, fragile, especially in the fruiting 
panicle, straight or rarely bent to accommodate the spikelets^ in which case the 
raceme is pronouncedly wavy to sinuous. Each joint is enlarged at the upper end, 
slightly cupular at the top, and roxinded at the/ lower end, and bean scattered 
hairs on the surface, 


0 A, 
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The spikelets are invariably binate, one of a pair pedi celled, and the other 
sessile. The pedicel varies in size as does the joint and the pedicelled spikelet may 
be at different levels in relation to the sessile one. There is cGnsiderable variation 
in the same panicle with regard to the density of aggregation of spikelets, different 
lengths being attained by joints in different parts of the same panicle and at differ- 
ent stages of development. 

The pedicelled spikelet at the growing stage is often slightly bigger than the 
sessile one, and is always the first to develop and fall off from the pedicel. Later the 
joints themselves are disconnected from one another, and the sessile spikelet falls 
away with the corresponding joint and pedicel. 

In shape each spikelet is lanceolate, sometimes oblong-lanceolate, snbtilate, 
roughly tri<juetroiis ; in colour light or cream or yellowish brown, sometimeSj as in 
Burma, purplish grey. Inmost of the Indian forms the spikelets have a scarlet blotch 
or band across the middle, the base and apex being yellow or white. In length, the 
tiniest spikelets are *08 to *1 in. and the largest ‘16 to *19 in., with all intermediate 
sizes between these extremes, the size of the spikelet being independent of the size 
of the plant. Callus hairs are silky white, rarely violescent varying in length from 
•35 to *77 in., or 2 to 6 times as long as the spikelet, or even more. 

The I and the 11 glumes, are almost equal in length, lanceolate to ovate-lanceo- 
late, sometimes oblong-lanceolate, {II glume rarely elliptic or ovate) acute to acumi- 
nate, subulate, sometimes mucronate, margins subentire or ciliated to various ex- 
tents from the apex downwards ; chartaceous to hyaline above, and subcoriaceous 
towards the base. At the base generally is a coriaceous yellowish patch ; in some 
forms, Local, Lahore^ etc. the first glume is a subgibbous in the lower half, and the 
second glume sometimes deeply keeled. The first glume is 2-veined and folded 
along the veins, the folded margins overlapping those of the II glume, the two 
veins forming the t'wo angles of the triquetrous spikelet. The 11 glume has a single 
median vein and is keeled along it, the keel forming the third angle. The ciliated 
margins are often again inflexed inwards about *004 in. from the margin. The length 
of the I and the II glumes corresponds to the length of the spikelet, being nearly 
equal to it and in width they vary from *036 to *08 in., the Il-glume being slightly 
wider than the 1. 

The III glume is shorter than the I or the II, lanceolate, rarely oblong-lanceolate, 
acute, marginally ciliated about f of the way down from the apex, often down to 
the base, very rarely subentire ; hyaline, nervelei^s, ranging in length from ’06 to *13 
in., and in width from *012 to *062 in. The IV glume is always linear, slender, nar- 
rowed towards the insertion, ciliated to various extents, hyaline, nerveless, rarely 
faintly one-nerved, varying in length from *028 to *19 in. and in width from *001 to 
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The palea is small to minute, variable, more or less irregularly suborbi-. 
cular to quadrate, or ovate, hyaline, generally ciliated slightly on the upper margin. 
Lodicules are cuneate, thick and opaque, pale white or red-tinged in some forms, 
concave on the upper margin and ciliated sparsely on the apices. 

Stamens are three in number, and when fully developed, about '08 in. in 
length ; usually yellow in colour, in Lahore orange-red. The ovary is minute, and 
the style has two purplish-coloured brushy stigmas about -06 in. in length. 

(6) .4Ka«omy.— The anatomy of sugarcane has been dealt with in detail by 
Artschwager [1925] and others. An account of the anatomy of Saccktrum sfonta- 
would be a recapitulation of these accounts, as spontaneum does not seem to 
differ to any large extent from the other /SaecAariims in this respect ; nor is there 
any mentionable difference in the broad features of the internal structure of the 
stem between the various forms of spontaneum, notwithstanding that in habit and 
external morphology they differ markedly from other species of the genus and 
among themselves. 

The topography and the essential structure of the stem-epidermis is in agree- 
ment with the type of structure which obtains in grasses in general, for which con- 
siderable literature is enumerated by Prat [1932]. In the investigations of the 
features of the epidermis, the characters used by Artschwager [1930] in classifying 
varieties of cane were at first applied, but it was impossible to say that any reliance 
could be placed on them when applied to the spontaneum forms. Artschwager's 
criteria were mainly the following 

1. Width of cells. 

2. Presence of pointed cork-cells. 

3. Number of short cell groups for a given field. 

4. Number of solitary cork-cells, 

6. Number of stomata. 

With regard to the first character the number of cell-rows per mm. was found 
to vary from 50 to 100; and though the different forms to some extent showed 
different widths, yet there was so much overlapping in the range of width of each 
that it was not possible to draw a line between any two. Burma was seen to 
possess the narrowest cells. 

Pointed cork-cells are present in Burma and Dacca and rarely also in Gkgah. 
The number of ^^short-cell groups may be anywhere between 106 and 365, and like 
the width, ifidoes not permit of any line of demarcation. Besides, in some forms it 
is extremely variable, being almost entirely dependent on the (more or less varying) 
length of the long cells. The presence and the number of solitary cork-cells is also 
variable and the distribution of stomata often erratic. 

Several other features of the epidermis were compared as far as was possible, 
but the differences were found to be either inconstant or intergrading, there being 
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no demarcation of any form or forms froiri the rest. One feature m2?., v the 
tion of silica-cells to the number of short-cell groups, at first seemed to suggest a 
distmction between the Indian and the East Indian forms. The former seemed to 
possess mostly cork-silica pairs, and the latter mostly single, paired or grouped 
cork-cells. On greater scrutiny however, this difcrence was found to be less cons- 
tant than was fi.rat supposed, though one form, Burma, w^as unique by the fact that 
practically no silica cells were to be met with in its epidermis. 

The leaf-epidermis on the whole presents a great amount of structural detail, 
and as in the case of the stem-epidermis, no attempt has been made here either to 
give a thorough description of the epidermis, or to enumerate the proportions of its 
various constituents. One of the outstanding characters, however, presents a point 
of importance. 

Some of the Spontaneums differ from the rest in the possession of stomatal 
grooves on the lower surface of the leaf-blade. These grooves, where they occur, 
run longitudinally along the length of the lamina and are present ail over its lower 
surface. They are situated between the bands of sclrenchymatous cells which abut 
on the epidermis above and below the bigger vascular bundles ol the leaf. They 
bifurcate or unite with one another in their course along the length of the leaf, but 
not frequently. Bach groove is formed by about seven rows of cells and the invagi- 
nation may be deep or comparatively shallow. Both the rows of cells forming the 
borders of the groove possess toothed or claw-shaped cells alternating with the 
ordinary short-cells. In the groove may be one, two or rarely three rows of sto- 
mata, which always alternate in adjacent row^s. Many of the silica cells in the 
groove bear long hairs of two or three superposed cells. The grooves are best seen 
in a cross-section of the leaf, and the teeth in a peel of the epidermis ; both may, 
with a little care, be distinguished in the living leaf under a stereoscopic micros- 
cope. Of the forms examined ^only two were found to be characterised by the 
absence of grooves— Burma and Sumatra. 

It must, however, be mentioned here that the epidermis may be studied on a 
still more extensive scale, taking into consideration the topugraphy and the general 
structure of the epidermis in relation to the various parts of the plant at various 
stages of development, but it is to be doubted whether so laborious a study will dis- 
close any marked differnces among the members of a group so compact as the Spon- 
taneums. 

IV. CnASsmcATioN. 


An examination of the vegetative characters of the Spontaneum forms revivals 
the presence among them, of two well-marked groups, which correspond to Hackers 
sub-species, inddeu^ and aegyftiacum ; but they are distinguishable from one another 
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solely by tiieir vegeMtiye and not by their floral characters. HackeFs distinctions 
based on floral characters do not Boem to hold in most of the cases, for they show, 
surprisingly enough, considerable uniformity throughout the series. The vegetative 
characters, including those used by Hackel, on the other hand, permit of the separa- 
tion of the Indian Spontaneums from the rest. It is also possible to further sub- 
divide the groups, and here one fi.nds sharp distinctions and is faced, if at all, 
v/ith exceptions rather than '' intermediates or “ transitional forms 

In all about 60 characters, fl.oraland vegetative, were examined. The follow- 
ing table gives the selected characters and the groups of forms in summary. 

■; Tabue II.'V. ■ ■ ■ 

GhssifimUon of the Sponianeumfonm, 


' Ho. , 

Character 

Indian forms 

East Indian forms 
including Burma 

1 

Habit . . 

Tufted or prostrate (except 
Bellagadi). 

Erect. 

a 

Ligule . . 

Deltoid . . . , 

Crescentic. 

• ^ 

Lamina . . 

Harrowed almost to the midrib 
at the base. 

Hot so narrowed. 

4 

Sheath 

Glabrous - • • • 

Hispidulous. 

5 

Stoinatal grooves . 

Present ' . . ■ . ' . ,, . 

Absent (except glagah). 

6 

Throat 

Slightly bearded. Barely gla- 
brous. 

. . Always glabrous, 

7 

Culms . . 

Slender . . . . 

.. Bobus 

8 

Width of leaf 

Narrow . 

, . Wide. 

9 

Loaf-module 

Over 100 . . . 

Less than CO. 


A glance at Table II will indicate that the first six characters distinguish the 
Indian Spontaneums from the East Indian. Dacca also falls in with the Indian 
forms, but agrees with the East Indian forms in the last three characters. The 
value of these characters and the position of Dacca will be considered later. 

Bnrm.a agrees with the East Indian Spontaneums in all the characters men- 
tioned in the table ; biii there are several important features which distinguish 
Biirnia from the East Indian forms, Glagah and Sumatra. Indeed, Binma can f)e 
singled out as a distinct type by itself, possessing peculiar features of its own. Its 
height far exceeds that of all other forms and the culms are also more robust than 
those of any other. It has a yellow-green colour when young and is later amber- 
brown to russet, whereas the other forms are somewhat sea-green at first and 
maize-yellow when fully growrj. Bloom is absent or very slight. The internodes 
almost always outgrow the sheaths, which is never the case in other Spontaneums, 
The individual spikelets and the inflorescence as a whole are purplish grey, where- 
as in the others they are yellowish brown or dusky yellow. It has an extremely 
minute IV glume, smaller "even than the IV glume of the Indian forms. Further- 
more, its epidermis is constituted with few or no silica cells, and the cell-rows 
have the smallest width among the forms examined, though how far these epider- 
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mal cbaracters are reliable is doubtful. All these features admit of separating 
Burma from Glagali and Sumatra, but it has scYeral important characters in com- 
mon with them. It may be noted that Burma has no characters in common with 
the Indian Spontaneums and is in no way intermediate between the two main 
groups, as its geographical position would lead one to imagine. 



V. Discussion. 

It is best to primarily examine and estimate the v'alue of the various charaters, 
in order to find out how far they are reliable in tracing out taxonomic relation- 
ships. 

{a) Infiomcence . — The floral characters have always been regarded as the 
most important of all, giving the most reliable data and establishing the most fun- 
damental relationships. While exhibiting individually very small differences in 
floral parts, the inflorescences of the various forms have, without exception, all the 
characteristics of Sacchamm spontaneum, not deviating from the descriptions 
given in floras. On the contrary, the range of forms under observation was consi- 
derably shorter than the scope of the entire species, which, according to Hooker, 
includes forms in which the IV glume is always absent, *** whereas in all the forms 
examined, the IV glume was always present, varying among the forms, in shape and 
size. It was seen, however, that no groupings could be made among the sponta- 
neums based upon the characters of the inflorescence, though extensive notes and 
measurements were taken on the floral parts. Hackel bases at least four of his 
distinctions between his sub-species, upon the characters of the inflorescence and of 
the spikelet, as follows 

Table III. 


Floral eharaoters reGommmded by Hachei for distinguishing between sub-sfeoies. indiciim 

aneZ segyptiacum. 


Floral part 

Subsp. indicum 

Subsp. cegypfiacmi 

Bacemes • 

Slender . . . . 

Bobust. 


Lax-fiowered . . . . 

Bense-doWered, 

Spikelets ..... 

3-4 mm, long . . 

4-6 mm. long. 

lUtio H/S (Hair/spikolet) , 

4-6 . . . . . 

2 or sligtly more. 


But none of these characters were found to hold true among the forms exa- 
mined and to have any correspondence with the vegetative characters. The local 


form had more or less dense-flowered racemes, while in Burma the inflorescence was 

* Indeed, Hooker bolds tbat th,© XV glam© is usually absent, but it bas been invariably present 
in all the spontaneums studied, though developed to various sizes. Hole, too, while admitting that it 
h sometimes absent, suggests the possibility tnat it may always be present, but overlooked in the dis- 
section of fruiting spikelets. According to Jeswiet also, the only Saccharum species in which the IV 
glume is absent is S. The prohabUty, therefore, is that the IV glume is always present 

mScmharum iponkmewm* 
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comparatively lax and the racemes not quite robust, Sumatra had about the short- 
I est spikelets in the whole series, whereas Dacca and local had spikelets as long as 

I any of the cegyptiaGum group. The length of the callus hair also showed similar, 

I though not parallel, differences. 

: Length of Callus Hair in Inches. , 

! *45 .55 -65 ‘75 *95 -95 

r E.C.C. 

j GlAGAH 

I DACCA 

i 

I LOCAL 

RLLLAGADI 
HOLES 
BURMA 
LAHORE 
SUMATRA 
GERAHBOM 

08 10 'll 14 16 16 -20 

\ Length of spikelet in inclies. 

Mg. L—- Baage in size of spikelets of various si^ontaneum fonns. 

(Dotted lines denote the length of callus hair.) 
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ThiB condition lias been represented grapHcaUy in Kgs. 1 and 2. The graphs 
show not only the extent of variation in the whole series, but also in each form. 
As a matter of fact, the range of variation of each form is probably wider than is 
represented here, for these graphs have been drawn from measurements taken from 
a limited number of arrows obtained from a single generation of plants. Hence it 
cannot be concluded that each form is restricted within its own limits as shown by 
the graphs though it is not unlikely. But even as it is, the forms present a grada- 
tion of characters and sizes from one extreme to the other. The same more or less 
is the case with characters pertaining to the shape, colour and texture of the spike- 
lets and their respective parts, and also of the inflorescence as a whole. 

It has not been possible to find out in what manner cultivation in a clay loam 
has afieetcd the characters of the inflorescence owing to the fact that the original 
forms were not available for comparison ; but the fact that no distinction can be 
made according to the floral characters finds confirmation in HackeTs own recog- 
nition of the occurrence of intermediate forms. The same has also been the 
experience of Hole, who states that the difference between the Indian and African 
forms examined by him is very slight and fails in the case of some African speci- 
mens. However, he attributes this to the effects of the environment, particularly 
that of available moisture. If this were the case, the result of bringing the forms 
into identical conditions would be to minimise variation. The graphs on the other 
hand (in spite of the fact that they do not represent the entire variation) indicate 
that the extremes are as far apart from one another as those mentioned by Hole 
or Hackel. It seems evident that each form has a definite range of variation of 
its own (identical with, or greater than that shown in the graph), of which only a 
part, if at all, is due to environmental factors and that within the limits of the 
species, there are numerous races and forms, with minute differences in the floral 
characters, which are so graded that no demarcation of any forms is possible ; 
even those forms, which according to the floral characters are farthest removed 
from one another have no supplementing differences, either in vegetative or other 
floral characters or as ecological or geographical races. 

(6) Vegetative sliooL — In the vegetative characters, however, a marked diffe- 
rence is noticeable. There are at least four important characters accoiding to which 
the species may be subdivided, and these four are not only sufficiently good 
technical characters but are concurrent mostly with one another, only two excep- 
tions having been noted. These characters may now be examined individually, 
leaying the paragraphs on the habit to the end. 

. 1. The ligule is generally regarded as'a more or less conservative structure, an 
organ of ancient origin, without any tendency to variation and not subject to modi- 
fications under the influence of environmental factors, as most of the structures of 
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the vegetative body iisually are. Two types of ligules are discerned and the diffe- 
rence between them is clearly pointed orrt in the general description of the forms. 
They are shortly described as deltoid and crescentic respectively, and the exact 
shapes and relative sizes may be made ont in Mg. 3. 



Fig. 3,— Ligule of the diifexmt forms of JSacchamm e^ontamvm drawn to scale. 


The well-marked difference between the two types of ligule is obvious at eight, 
and there are no intermediate shapes in any of the forms observed. This ligular 
distinction, simple though it is, is of considerable import, not only because of the 
conservative and “ non-plastic '' nature of the ligule, but also because the cre- 
scentic ligule of the East Indian forms is an intermediate between the deltoid .ligule 
of the Indian spontaneums and the large, narrow, band-shaped ligule of tlie other 
species of Saochamm, viz., S. munja, 8. anmdimmm and 8. opdnamm, while in 8, 
again, the ligule is o deltoid type. The significance of this ligular 
distinction, therefore is more far-reaching than is apparent and may throw light on 
the inter-relationships of the different species of jSaccJiamm. 

2. The characters of the lamina have been used by Barber in his studies no 
less than other characters. Indeed, the differences in the leaf constitute the most 
outstanding difference in the general appearance of any two plants. It seems, 
however, certain that some of them are not as reliable as the characters of the 
stem or of the ligule. Of the large number of leaf-charactcrs recommended by 
Barbar, only two have been found useful in these studies — ^the width and the leaf- 
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module. Mucli lias been written on the apparently minor character of the droop- 
ing of the leaf-tip, but grown under identical conditions, ail the spontaneums (ex- 
cept Lahore) had widely curving leaves, and though the leaves of some forms were 
stifEer to the touch than others, it was impossible to make any sharp distinction 
between the forms based on this distinction. The following points may be noted 
here:— 

1. Lahore has erect and stiff leaves (reduced to the midrib). 

2. Though wider leaves as a rule are more pliable than others, the leaves of 

Dacca differ from the other wider-leaved forms in that they are more 
coriaceous, resembling in texture such Indian forms as Holes or Gerah 
Bon. 

In the width of leaves considerable difference was found, the Indian Spon- 
taneums possessing a narrow lamina with the exception of Dacca. From thedes- 
criptions of Hole and Haekel it is evident that the Bast Indian Spontaneums are 
broad-leaved, and that in India both broad-leaved and narrow-leaved varieties 
occur ; but both of them treat the character with suspicion as dependent largely 
on habitat. Comparison of the experimental forms with the available original 
forms has shown that the width of leaves is influenced by the habitat and by the 
stage of growth only to a limited extent, and that carefully applied, it is a reliable 
character. The increase or decrease in width due to the moisture content of the 
soil, if any, is quite within narrow limits. The ‘ dry-sand ’ from Lahore was grown 
for years in a moist soil, but its leaves are still wiry and consist only of the midrib. 
No amount of moisture could induce E. C. 0., a stream-bank form, to put forth 
leaves even half as wide as Dacca. Further, it may be pointed out that the forms 
generally found growing along the sandy banks of monsoon streams are, for a part 
of the year weU-irrigated by the streams ; but for the rest of the year, when the 
streams dry up, the clumps grow in sand, and under these seasonal changes, they 
are not noticed to exhibit any large periodic alteration in the width of their leaves. 

It was possible to distinguish the following three undoubted classes among the 
Indian forms, based on the width of leaves : — 

Lamina broad . . , . . . Dacca. 

fLocal 

1 E, 0. C. 

Lamina narrow Eellagadi. ^ ^ 

I Gerah Bon. 

” ; - , (.Holes. 

‘ Lamina reduced to midrib .... Lahore. 

and one class among the East Indian forms, the leaves of all being broad. 
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The length of the leaf is another character frequently useds but neither the 
length nor the width may be as reliable as the leaf-module ; for in the spontaneums 
the leaves produced in the vigorous growing season are slightly longer and wider 
than the leaves produced in later life, when a large number of small shoots grow 
on the parent cuhns or on the stolons and arrow. In such cases, only the leaf- 
module (the ratio of the width of the leaf to its length) remains more or less 
constanii throughout. In the forms investigated, the leaf module of the East Indian 
forms is nearly tw'ice that of the Indian forms. While in the former the length of 
the leaf is less than 60 times the width, in the Indian Spontaneums (excepting 
Dacca) the corresponding number is over 100. One more point may be noted here ; 
E. O. 0. and EeHagadi which are short-leaved, show differences from the other 
Indian forms if the length alone is considered ; but they quite fall in with the 
Indian Spontaneums when the leaf module is taken into account. 

The narrowing of the lamina at its insertion on the sheath is an important 
diagnostic character. This character has been used by Hackelin distinguishing 
YETAgenuinum from var. junoifolium and the lamina of var, aegyptiamm has been 
mentioned as hardly narrowed at base. The character seems to be one of more 
general application, however ; for all the East Indian forms could be distinguished 
from the Indian forms by this one charactei.. The Lahore form (Jundfolmm) 
need not be separated from the true Indian fcims (genuinum) on the basis of this 
character. It possesses a lamina induced all along its length to its midrib and it is 
interesting to reason out whether the lamina was originally of the Indian or the East 
Indian type. The ^' narrow-inserted laminae are always associated, and probably 
correlated, with the deltoid ligules, and the fact that Lahore possessee a deltoid 
ligule certainly indicates that its laminae were originally narrowed at the insertion. 

One unmistakable feature in which the leaves of SaecJmmm munja,S. amndi- 
/S. and species of Enanihiis differ from those of the Indian 

Spontaneums is the nature of the transition region between the leaf-sheath and the 
lamina. In the Indian Spontaneums this region is very short and sharply marked 
off, and the leaf at its insertion on the sheath is reduced almost to the noidrib, 
which alone, lower down, widens out into the sheath. In the other extreme 
type, m 2 ;., the Munjas, Arundinaceums, etc., the narrowing at the insertion is not so 
great, and a considerable extent of the blade-region remains on either side of 
the midrib at the insertion. Beyond the joint or the insertion, the midrib is flat- 
tened out into the middle region of the sheath, the " blade-portion '' merging into 
the sides, is a result of this no angle is formed by the lamina with the sheath ; 
the former gently curves out from the latter and the ligular bands (the " tranS' 
verse mark "^) are absent. In the East Indian forms, the lamina does make an 
angle with the sheath, but it is not so narrowed at base as in the Indian Sponta- 
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neums, and fclie midrib is less than half the width of the lamina at the level of the 
insertion. 

It will he seen that this character is closely related to the shape and to the ex- 
tent of the basal line of insertion of the ligule. The ligule is horse-shoe shaped in 
those forms in which there is no fold or angle at the junction of the lamina and the 
sheath as in /S. mMnja, /S. aromdiwaccMW, etc. The wider the insertion, the more 
band-shaped the ligule. 

3. It is difficult to say how much importance should be attached to ‘ stomatal 

^ ^ ^ ^ ^ It is literally a microscopic character, but the distinction is clear and 

seems reliable. It cannot be conceived of as a feature developed or discarded 
as the result of a change in environment. Xerophilous forms grown for years 
in moist soil still continue to show the stomata in grooves. There are no other 
features of the leaf associated with this character. This, for example, is the 
only vegetative character by which Glagah can be distinguished from Sumatra. 
The fact that it occurs as a difference between two otherwise similar forms may 
suggest that the character is of no significance ; but on the other hand, it may also 
indicate that it is an extremely stable character whi ch has survived the others. 
The latter explanation seems to be more probable, as Glagah differs considerably 
from Sumatra in its floral characters. Among the East Indian forms stomatal 
grooves are present only in Glagah, and the probabilities are that it is a constant 
feature of the Indian Spontaneums. 

4. The habit may be tufted, prostrate or erect, and as was, pointed out in the 
general description, the forms of Spontaneum grown at Coimbatore can be classified 
according to this character. The distinctions can be easily made out m the 
resulting clumps by even a casual observation. 

The first is the tufted form. The plants of this form are bushy and thickly 
j clustered together. There is no tendency to spread. The first erect culms are 

? immediately foEowed by shoots, which arise from the under-ground or above- 

ground nodes of the initial culms. The early nodes are close and crowded, the 
internodes not having elongated. Most of the buds sprout early into activity, 
and push upwards parallel to, and well in contact with, the parent culm. A repeti- 
tion of this in the case of the daughter culms results in a more or less dense clump. 
The tufted nature is due to the fact that the bud starts vertical growth 
from almost the very commencement and there is no tendency to creep along or 
. , under the ground, beyond what is strictly necessary. This is exemplified in Lahore 
(lig. 4) and may also be discerned in Gerah Bon. In Lahore as more and more 
short culms grow out from the base, the top becomes crowded with'leaves, and the 
closely packed cltonp naturally assumes a hemispherical outline with shoots gtov> 
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iag radially outwards, and as far as space permits, upwards, all round from a 
limited base. 




Fig. 4.-“Pa.rt of a dissected stool of Lahore form, 
a. Shoots bending round the base of the mother culm. 

Tbe growth bere is monopodial ; but the difference in size between the main 
culms and tbeir basal axillary sbootsissoon lost, on account of the precocious 
activity of the buds, for they grow closely after the parent culms. 

Secondly, there is the prostrate or the decumbent form. The first shoots from 
seed or sett are Observed to start upright ; but the later shoots, however, gradually 
lie across, the growing apical portion alone being curved upwards, and reaching 
about 3 to 6 feet above the ground. As the upper part of the stem grows upwards, 
the portion immediately below, as it matures, inclines and becomes prostrate, so 
that the entire plant never grows beyond a certain height except in arrowing, 
though it may extend to a great distance outwards in all directions. Axillary buds 
on the prostrate branches may commence growth, but they soon come to lie flat 
like the parent culm. The result is a dense maze of long and tortuous culms lying 
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one across tie other, budding and rooting at the nodes, spreading out in aU direc- 
tions, the apical portions alone being directed upwards and outwards. 



5.— Part/ of a dissected stool of the Ijooal Form (semi-diagrammatic). 


The growth here again, is monopodia!. The axillary buds sprout into activity 
considerably later than the parent culm, though they all flower at the same time 
during the flowering season. Underground shoots are not quite lacking, but they 
soon appear above the ground and thenceforth commence the decumbent mode of 
growth. This form of growth is exemplified by Local and E. C. C. In Dacca and 
Holes, this tendency is not fully expressed, and though in the growth during the 
second year the prostrate character is more definite, yet they are more or less 

intermediate between the tufted and the truly prostrate forms. 

Finally, the erect form is characterised by the fact that in no portion of the 
plant is a distinct, sub-aerial, prostrate portion visible. The mode of growth 
is as follows ; The first culms from seed or sett commence growth vertically and 
remain so throughout. The first few buds on the subterranean nodes grow up- 
wards in the proximity of (but not in contact with) the parent culm. The later 
buds soon assume a more or less horizontal growth below the l^el of the ground 
and grow on till they are far beyond the central culms. The buds borne on this 
elongated rhizome either grow out and commence a sub-aerial vertical growth or 
creep underground like the mother-cuhn bearing them. Several daughter-culms 
may arise where the nodes are close together, but they never shoot upwards as a 
clump. Sometimes the migrating tip of the underground mother-culm itself turns 
sharply upwards and commences thenceforth to grow vertically into the air ; and 
then the axillary bud at the point where the rhizome has turned upwards continues 
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the further horizontal, subterranean, outward growth, thus forming a sympode. 
The result is a large number of upright shoots, separated from one another by 
considerable intervals of space, and characterised by the total absence of sub aerial, 
prostrate culms, and having a perceptible tendency towards the syrapodial mode of 
branching. 



of a <Msseoted sl<K)l of the Boriam form (semi-diagmmmaMo)* 
sympodes. 

There exists in the previous literature some coBfusion upon this point, as to the 
habit and the nature of branching in the Spontaneums and the other species of 
SaccJiarum: Hole [1911] in describing the modes of growth of Spontaneums has 
asserted that in (Indian?) Spontaneums ‘'there is no well-defined rhizome 
According to the generally accepted notions about the rhizomes of grasses, a true 
rhizome would be an underground stem in which the mode of branching is strictly 
sympodial. The idea implied in the principle of the sympodium is that the main 
axis should terminate growth and the further growth be carried on by the axillary 
bud immediately below. In the rhizomes of grasses, however, it is not a termina- 
tion of growth, but for the time being, it is onlya change in the direction of 
growth. ’ Such sympodes are met with in the East Indian SpontaneuniB, especially 
in Burma, and as such these long underground root-stocks may be called rhizomes. 
But Hole contrasts SaccJiarum spontaneum with S> munja (or S, narenga) and 
describes a rhizome in the latter which is lacking in the former. In these forms 
{S, munja, S, narenga) the axillary shoot springs up so close to and so in contact 








i 
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with the main axis, that it may rather he described as monopodial, the extremely 
short horizontal portion being necessitated by the fact that in order to grow up- 
wards the axillary bud must get clear of the enlarged base of the mother-culm. 
Once it is beyond the circumference of this swollen base, it shoots upwards almost 
in contact with the parent culms. It is a true monopodial branching modified for 
the mutual spatial adjustments of the culms. This kind of growth can often be 
.seen in a dissected stool of a true tufted Spontaneum, such as Lahore (Fig. 4). On 
the other hand, there is greater reason to regard the creeping root-stocks of the East 
Indian Spontaneums as rhizomes, because they are, by nature, underground and 
have a tendency towards the formation of sympodia. Even in the Indian Spon- 
taneums some (Kellagadi) possess long, underground root-stocks and it would be a 
mistake to regard Spontaneums as having no well-defined rhizomes and at the same 
time treat the tufted forms like Munja and Narenga as rhizomic or sympodial. 

Barber’s observations [1919] in this connection have been more accurate. He 
also regards the growth of the Munjas and the Narengas to be the same as that of 
the tufted Spontaneums and the decumbent form to be on the same plan as the 
tufted one in principle ; but he makes only a vague distinction between a typical 
decumbent form (such as Ijooal) and a typical rhizomic form (such as Glagah). 
The obivious difference between these and the close similarity between the modes of 
growth of Glagah and of his “ Irrawaddy form ” (which is probably identical with 
the Burma form grown at Coimbatore) has not been noted by him. All the same, 
he interprets the growth of this “ Irrawaddy form ” as the nearest approach to a 
true sympodial type. 

We may now proceed to see the relation between the tufted, the prostrate and 
the erect forms, and inquire into the essential differences between these. The pros- 
trate and the tufted forms agree with one another in their mode of growth. In fact, 
in the early stages of growth, all prostrate forms are to some extent tufted. Almost 
all the shoots ate even from the commencement of their growth, abgeotropic and 
tend to grow upward as far as possible. The only difference between them is that 
in prostrate forms the shoots attain far greater lengths and lie across. Those 
growing on sandy banks are gradually buried under the sand washed ashore by the 
stream, and it is not impossible that these prostrate shoots are mistaken for under- 
ground stolons. Their true nature, however, k shown by the fact that their grow- 
ing points like those of the tnfted forms are generally sub-aerial (unless of course 
secondarily buried), whereas in the long, rhizomic erect forms the growing point of 
the “ stolon ” is in most cases for a long time subterranean, and turns abruptly up- 
wards into the air once and for all, when an erect cane is to be formed. The 
“stolon” seems to be definitely diageotropic in response for% long time and vertical 
growth sets in abruptly and at a stage which is often very much delayed. 
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however, that the diatinotioiiB are correct to a mathe- 
form« 1 infrequently finds undergro^ind stolons in prostrafi 

luttinffonf^t well helow the soil and gradually curve upwards 

«L t the surface of the ground (Fi/S). feisitat afiun 

menee vert- t)uds on underground rhizomes of erect forms, which com- 

tinctlvdiffr^l^'T^ ^"t the tendencies are dis- 

of the'resum^ chmp“ ‘^^tference is obvious in the very appearance 

differences in the extent of growth, in the 

rSan -P-^ty for sub- 

enviroZ^r '5 ^^garded by Hole as traceable to the effects of the 

form Ywb.Vl, -n three ecological forms of Spontaneum ; a zerophilous 

fHok^^V ^ intermediate loam-form 

mentiouf^rl ® to™ (corresponding to E. 0. 0. or Local). The last 

caused b^ -t™ r^J-^ ^ ®P“®'ting habit, “ to some extent at least- 

extent hi ■ ^ t*e ‘ laid ' by water currents, and possibly also to some 

extent by wind." In an earlier paragraph he says :- ‘ 

Whatever characters are taken, however, whether the habit of growth, 

dimensions of the culms, width of leaves, length of spikelets, or of the 

callus-hair, numerous intermediates connecting the above forms can be 

found, and tbe observations in the field indicate that the characters in 

question vary directly according to the quality and the stability of 

the soil, liability to the “ laying ” action of wind and water, and the 

quantity of available moisture in the habitat. " 

ib« advanced experimental evidence, which would seem to indicate 

the dependence of habit and mode of growth upon environmental conditions. Ho 

in alnv^ ^ planted in loam have, 

alar but more extensive experiment at Coimbatore. The tufted forms have been 
or^went ^ ^ ^ with the prostrate forms in a clay-loam soil for the past eighteen 

thp Rl- hi ^ad replanted every year, still they have not shown 

e _ ightest change in their habit or mode of growth. The prostrate forms too have 

wlTl original habit and, if anything, become more prostrate. Tbe pl’ants 

In™ ^ if they altered their appearance in 

any way; but the tufted form persisted in its original habit, and 'in the prostrate 

forms krger numbers of culms were laid across. 

_ It IS, therefore, questionable whether these habits are really subject to external 
influences, such as wind, water and soil. Increase or decrease of lif-el.e . 
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deposits, alteratioua in the colour of cane and such other characters are known to 
depend largely on external influences. But hahit seems to he a more deep-seated 
character than all these. In those cases where it was possible to compare the ex- 
perimental specimens with the original plants, it has been noted that there has been 
no marked change in the mode of growth. In other cases, the only evidence at 
hand is that during the time they have been at Coimbatore, they have not altered 
their habit in response to the supply of water. The change of habit noted by Hole 
may probably be explained by the fact that all prostrate forms are at first, to a 
slight extent, tufted ; these plants, if removed and replanted and allowed to attain 
their normal adult form, naturally grow out and assume their prostrate form. 

Thus so far as the present observations go, these difierenoes are obviously in- 
herent in them. The occurrence of intermediate forms such as Hole’s “loam-form” 
is not at all in conflict with this assertion, for it is quite possible that there are still 
other modes of growth which cannot be assigned to any particular one of the three 
mentioned above, but which are, nevertheless, stable and inherent. Besides, 
it is not impossible that these tufted and prostrate forms cross with one another to 
a large extent in nature. Data bearing upon the ease are best obtained by a study 
of the seedlings obtained from the various Spontaneum foims. We have at hand 
Barber’s experience [1919] on Spontaneum seedlings and bis conclusions appear to 
prove the two inferences just arrived at, viz., that the habit characters are here- 
ditary, and that these forms cross a great deal in nature. Barber says : — 

“ In habit, the Sacchanm sfo.itaneum forms grown from seed vary a good 
deal, the young seedlings sometimes lying flat on the ground, and 
others growing erect and branching sparsely.” 

Exactly the same has been his experience in the culture of seedlings of Saretba, 
an Indian cane having the closest affinities to Spontaneum. 

The fact that all the characters enumerated as of diagnostic importance are 
vegetative characters may raise the question whether vegetative characters 
based upon forms grown throughout by setts are reliable in distinguishing 
groups within a species. It may, in other words, be argued that the various 
specimens examined are aU prolific vegetative extensions of one original bud 
or seed as the case may be, and are thus equivalent to a single individual plant, 
the length of time they have been under observation being, therefore, immaterial. 

The question is easily answered. Firstly, those characters as have been seen to 
distinguish one plant from another axe more or less of a deep-seated nature and may 
be regarded as the more fundamental ones among the vegetative characters and it 
is unlikely that they will alter when the plants are grown from seed. Several of 
them have heen inentioned by Hackel himself. Secondly, there is the direct, though 
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incomplete, evidence oC tlie behaviour of seedlings. It was mentioned earlier in the 
accoimt that a selfed seedling of Dacca was obtained in the station and grown side by 
side with the parent ; with the exception of sucrose content, no difference was observed 
in any of the characters between the parent and the seedUng, Further, the banks 
of a stream in East Ohitra Chavadi, near Coimbatore, are lined with Spontaneums 
from which the form E, C. C. was obtained. As it flowers freely in this region it may 
be expected that propagation takes place widely by seed. These were compared 
with the clumps of the same form grown in the Station, but showed no differences 
worth mention. Lastly some of the Spontaneums have been individually crossed 
with another cane, P, 0. J. 27 25, as the female parent and the hybrids are now 
being raised in the Sugarcane Breeding Station. A detailed study of these forms 
has not yet been made ; but inspite of the fact that they aU have a common mother, 
the P. 0. J. cane, these hybrids differ largely among themselves in those characters 
by which their respective Spontaneum parents are broadly distinguished in the field 
and resemble them individually in general appearance. 

We have finally to deal with the intermediate forms and forms possessing one 
or two features of the opposite group. Intermediates have been brought forward 
to indicate that there is no sharp line of demarcation between ihQ indium and the 
cegyptmeum grovipB. Exactly in what characters they are intermediate will be 
impijrtant. It has been shown that so far as the floral characters are concerned, it is 
impossible to make any sharp distinctions, there being gradations in some chara.cters, 
the others being not concurrent. Intermediates in floral characters, which are nume- 
rous, only indicate the greater variation in, and the essential unity of, the entire 
group. Where intermediates occur in respect to such vegetative characters as the 
robustness of culms or width of leaves, it has been possible to refer them to their 
respective groups on the basis of the still less variable characters, such as the ligule I 

or the ‘‘ insertion features of the lamina. It is not known whether intermediates 
occur in respect to the latter characters. If they do, they may have to be regarded 
either as of hybrid origin or as a separate category by themselves, according to the 
merits of the case. It may be pointed out here that the coliecrion in the Sugar- 
cane Breeding Station at Coimbatore is by no means exhaustive, but only repre- 
sentative, and it is not at aU unlikely that other groups do exist, with widely differ- 
ing, but constant characters. 

There are two cases where the form in question has the character of: the oppo- 
site group : one is Glagah, which possesses the stomatal grooves in leaves, and the 
other is Eellagadi, which has a habit of growth not unlike that of the Bast Indian 
forms. Such irregularities are by no means rare in the classification of natural 
forms. It can only be said that the main distinctions in taxonomy are always 
according to the majority of concurrent characters, and that, though the distinction 
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between the two groups is thus made clear, there is no reason why there should be 
no sub-groups within the main divisioas. 

There seems, therefore, little doubt that there are at least two, and probably 
three, m ai-n groups among the forms represented in Coimbatore, the Bast Indian and 
the Indian. Burma may for the present be relegated to a sub-group under the East 
Indian group, though in some respects it deserves to be in a group by itself co-ordi- 
nate with the other two. It is strange how this form comes to occupy a geographi- 
cal area so close to the Assamese Indian forms and is yet so distinct from them. A 
more intimate knowledge of its natural habitats should he had before its endemism 
is understood. Among the Indian forms, twD stand out from the rest: Lahore 
with its laminae reduced to the midrib and dwarfed culms, and Eeliagadi with its 
underground stolons ; but only in the case of Lahore is the difieren.ce big enough to 
deserve its being classified in a separate sub-group (HackeTs vax. jumifoliim) under 
the Indian group. 

(d) Taxonomic rehtionships . — It remains now to determine what taxonomic 
rank should he assigned to the groups now distinguished. It need hardly be 
remarked that the spontaueum forms, diverse and widely distributed as they are, 
all fall together in a large number of important morphological and anatomical 
features, which unite them into one compact group conforming to all the generally 
accepted ideas of the species-concept, such for instance as have been enumerated by 
Babcock [1931]. 

1. CJommon structural characteristics which unite the individuals into one 
group, the species, 

2. Characteristic features which distinguish such groups from one another, 

3. Eelative stability combined with more or less variability within the group. 

A Commoa descent of all the individuals of the group from one or more pre- 
existing species. 

6. *Bree intercourse and high (but not necessarily complete) interfertility 
among the individuals of the group. 

6. **Absenoe of intercrossing and usually low fertility if not complete sterility 
in hybrids between different species. 

7. Frequent occurrence of sub-specific groups often occupying different geogra- 
phic areas, which differ more from one another in structure or interfeitility or both 
than do the individuals composing each group. 

^ The last feature is particularly noteworthy as it applies here with special 
emph^is. The occurrence of suh-specific groups and the fact that the whole group 
is a. species are two points which mutually confirm one another. 

* This point is inferred but regarded as highly probable. 

** This, however, is not true of spontaneuxns, for they are easily crossed with the cultivated canes, 
and x»he hybrids are in most cases reported fertile. 
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revision of HackeFs lias shown that his subdivision holds partly true, for 
these forms fail to be distinguished by all the characters enninerated by him. Those 
of them on which reliance could be placed have been emphasised. Thus the grounds 
on the basis of which a subdivision has now been defined are fewer and restricted 
to a few but important vegetative characters. The geographical distribution is yet 
in support of the subdivision . It would not be in keeping with the present concep" 
tions of taxonomic principles if emphasis be laid on the numhef of distinguishing 
characters, rather than on their distinctness and constancy. The last point can be 
decisively settled only by breeding the forms, but if the present observations 
indicate anything, such an experiment will throughout confirm these conclusions. 

The distinction of the broad divisions being clear, one may proceed to enquire 
into the nature of origin of the various forms in each subdivision. It seems clear 
that within the main sub-species, differentiation of many diverse forms, races and 
varieties is being brought about by the accumulation of small variations by natural 
selection in diverse ecological habitats, combined with h 3 ^bridization in nature. 
That natural selection in Indian forms has resulted in the formation of ecotypes 
is evident from the extensive observations of Barber [ 1918] and of Hole [ 1911], 
That these ecotypes are true hereditary races which are well-differentiated and stable 
is also conclusively shown by the forms at Coimhatore. And finally, that hybridiza- 
tion in the wild forms has been taking place can be conjectured from the characters 
of the many intermediate tj^pes and may also be inferred from the breeding work 
done on allied forms. The differentiation of the groups has been wide. Even 
within the limits of the Indian forms we have examples of this differentiation 
having proceeded to a remarkable extent. There is thus little doubt that this 
extensive gerontogaeous species with its distribution and its adaptation has many 
other well-established races, among which are already a considerable number of 
ecofeypes and sub-species, which are possibly the early indications of the formation 
of new sub-species and species. 

Further evidence to confirm such a subdivision can be ol)taincd from the 
chromosome numbers. Already some cytological evidence is available in the 
Spontaneums. Bremer [1925] has counted 56 chromosomes in Glagah of Java, and 
40 in the Glagah of Celebes, and judging from the morijhological descriptions given 
by him, these two Glagahs do not seem to differ from one another as much as the 
Indian forms differ from the Glagahs. Dutt and Subba Eao [ 1933 ] have recently 
given the number of the Local form to be 32. (All numbers are haploid counts). 
The presence oi 32 chromosomes in the Local form lends a great deal of support -.o 
the separation of the Indian forms from the East Indian, It is not unlikely that 
all the Indian spontaneums will have the same chromosome number as the Local 
form. ‘ 
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Thus the two groups may still be ranked as sub-species, corresponding to 
HackeFs sub-species wdicMw and though they differ from one another 

m fewer characters than those mentioned by liim. There is sufficient basis for 
placing Burma in a co-ordinate sub-species, especially if cytological evidence warrants 
it. Apart from this, the definite chromosome numbers of all the forms as well as 
the cytological proof (or the contradiction) of the occurrence of natural hybridiza- 
tion among the forms will be of great interest and are awaited. 


VI. SUMMAEY. 

In an attempt to group and classify the forms of Saccharum spontaneum grov/n 
for a number of years under uniform conditions in the Sugarcane Breeding Station at 
Goimbatore, it was seen that although the forms could be broadly divided into two 
groups corresponding to HackeFs sub-species indicum and aegyptiacum, yet these 
two groups are not distinguishable according to the floral characters, which show 
graded distinctions not corresponding to HackeFs criteria and not concurrent with 
the vegetative characters, though probably constant and stable. The latter are not 
only constant, but outstanding and unmodified by environmental conditions, and 
the differences between them pertaining to the laminae, the culms, etc. (regarded as 
directly dependant on soil, available moisture, etc.) are persistently distinctive even 
when the forms are grown under uniform conditions. 

Importance is attached to two characters, the shape of the ligule and the 
narrowing of the lamina at its insertion on the sheath, the other characters being 
supplementary. The Indian Spontaneums are characterised by a deltoid ligule, 
laminae narrowed at the base, a tufted or prostrate (exceptionally erect) habit, 
stomatal grooves in leaves and glabrous sheaths. The East Indian forms including 
the Burma form on the other hand, possess a crescentic ligule, laminae not much 
narrowed at base, an erect habit with long underground rhizomes and hispidulous 
sheaths ; stomatal grooves maj'- or may not be present. The Burma form shows 
important differences from the East Indian forms as also does the Lahore form 
(HackeFs var. junciplium) from the other Indian forms. These may be relegated 
to separate sub-groups under their respective main groups. 

The bases ^on which the two main groups are thus separated are fewer than 
those on which Hackel subdivides the species into sub-species ; but nevertheless, 
considering the constancy and distinctness of the few but important characters, the 
two groups may still be regarded as definite sub-species, especially if the chromosome 
numbers Substantiate the present classification. Cytological evidence bearing upon 
this is desirable. : 
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VII. Appendix. 

Key to the forms of Saccharum spontaneum grown at Coimha^tore, based on vegeUitim 

charaoters, 

1. Ligule deltoid ; lamina nairowed at base, midrib Sub-species . 2 

more than half the width of the lamina at its 

insertion on the sheath. » 

1. Ligule crescentic ; lamina not narrowed at base, Buh-sgechs aegyptiacum 6 

midrib less than hali the width of the lamina at 
its insertion on the sheath. 

2^ Laminae wiry, reduced to the midrib, culms short, %^ar. junoifoliim Lahore, 
densely tufted. 

2. Laminae not reduced to the midrib ; culms long, . . , . . 3 

tufted or otherwise. 

3. Culms ultimately prostrate . . . . • . . . . 4 

3. Culms erect, underground stolons present . . Rellagadi. 

3. Culms tufted . . . . . . . Gerah Bon. 

4. Culms slender, not more than *4-in. thick, leaves . . . • « 6 

narrow, not more than ’7-in. wide. 

4. Culms robust, over ‘4-in. thick, leaves wide over Dacca. 

*7-in. in width. 

6, Leaf-sheaths purple . . , * . * E.O.C. 

6. Leai-shcaths always green . . • • • Holes and local. 

6. Internodes never outgrowing the corresponding . • . • * 7 

sheaths. 

6. Internodes generally outgrowing the correspond- (nov. var.) Burma. 

ing sheaths. 

7. Stomatal grooves present in leaves . . . Glagah. 

7. Stomatal grooves absent in leaves . . , Sumatra. 
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STUBliS IN INDIAN PULSES 

NO. 6. THE EOOT SYSTEMS OE GREEN AND BLACK GRAMS 

BY 

^R; D. BOSE, B,Sc., 

Sjiecial Research Assistant to Imperial Economic Botanist, Pma^ 

AND. . 

R. G. JOGLEKAR, B.Aa., 

Post-Graduate Student, Botaniml Section, Pusa, 

(Received for publication on 26tli May 1933) 

(With Plates LXXVn and IXSVni) 

I. Inteobdgtion • 

Forty different types of or green gmm {Phaseolus radiatus Linn.), and 

twenty-five types oi urid or black gram (P. mungo Linn. var. roxburgMi Prain) 
have been evolved at tbe Botanical Section of the Imperial Institute of Agricultural 
Research. Pusa, from samples of seed originally collected from different parts of 
India [ Bose, 1932, 1 and 2], These types present a large amount of variation in 
their habit, maturity and other morphological and physiological characters, in- 
cluding, of course, the extent and distribution of their root systems. 

Variability in the root systems of the different types of mung and tirid is to 
be expected because the material from which these types were evolved was drawn 
from widely different soil and agricultural conditions. Now, a crop can only make 
the best use of the soil when its root system is efficiently adapted to the soil 
conditions and it is the duty of the plant breeder to select, from the various types 
of root systems available, that one which will connect the plant and the soil in 
the most efficient manner. In other words, the maximum results as regards yield, 
disease-resistance, etc., can. only be obtained by a knowledge ot the root systems. 

It has been established by various investigators that root habit, though res- 
ponsive to environmental conditions within certain limits, is primarily governed 
by heritable factors. This fact has very well been illustrated in India by Howard 
and Howard [ 1917 ] in linseed and Laihyrus satims L. and by Bose and Dixit 
[ 1931 ] in barley. Of late a good deal of attention has been paid to the study 
of the root systems of different crops such as rice [Sethi, 1929], sugarcane 
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[Veokatraman, 1917], chillies [ Ali Muhammad and Deshpande, 1929 ] and sesamum 
[ Kashi Ram and Madhava Row, 1931 ]. 

II. Methods 

The root habits of all the Pusa mungs and urids were studied in 1931 and were 
. re-examined and checked in the following year. A number of plants in each type, 
was examined and the average of all measurements of extent and distribution of 
tne roots were recorded. The crops were always grown in the field, under normal 
conditions, and the method of root washing was the same as that described in the 
study of the root -system of Indian barleys [Bose and Dixit, 1931]. The end 
plants of each row of all types were always discarded for these studies, on account 
of the influence of border effect on their root systems. Pencilled drawings were 
invariably made in the field of the root system of the typical plant in each in- 
dividual type. The drawings were made on squared papers with lines one centi- 
metre apart either way. It was found very convenient and easy to represent on 
such papers the exact position, nature of branching and the inclination of the 
primary and secondary roots as w’^ell as the amount of fibrous roots present. 

III. GeNEEAL DESCEIPTION 

In 1931 the root systems of all the types of mung and mid were exposed at 
monthly intervals, beginning one month after the date of sowing of the crop. In 
the preliminary observations, however, no clear-cut differences could be found and 
regular differentiation could be made only at the final stage when the crop was 
fully mature. In the following year, therefore, only one series of observations was 
made and this was sufficient to support the previous year’s conclusions. 

In both these crops two main types of root systems could be recognized and 
there appeared to be. a definite relation between the type of root system and the 
locality from which the seed originated. This agrees with the results recorded in 
the study of the root systems of Indian harleys [ Bose and Dixit, loc. dt.]. 

The types of root system present in these two crops could be classified as 
follows: — 

I. Meso-phytiG 
&xdll. XeroiphytiG. 

I. Me^ophytic type of roatlsystem^Mung &nA uiid types with well developed 
and profusely branched shallow roots in the upper regions of the soil on which 
they depend for their moisture supply and in which the secondary roots are 
generally given off at right angles to the main tap root and run almost parallel to 
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the surface of the soil. The tap roots are fairly thick up to a depth of about 
three to six-and-a-half inches and this is the region where almost all the secondary 
roots are given ofi. Beyond this depth the tap roots are generally thin and hardly 
develop secondary roots of any importance. Sometimes a few laterals do develop 
in this region but they are never more than two or three inches in length. 

IT. Xerophytic type of root system, — Mung and urid types with sparsely 
developed, shallow root system in which the secondary roots do not develop at 
right angles to the main tap root as in the previous case, but they take a downward 
course and run obliquely down into the soil. The tap roots are fairly thick up to 
a depth of fi^^e to twelve inches and later become thin, and penetrate the soil up to 
a depth of about forty inches. Types with this system of roots entirely depend 
for their water supply on the lower layers of the soil and thus scarcely affect the 
upper layers. 

These two main groups of root-types (Plate LXXVII, figs. 1 and 4} could also be 
sub-divided into further grades depending upon the working depths of the roots as 
well as on the nature of the development of the fibrous roots. Thus— 

1. Mesophytic— 

A. Secondary roots horizontal and develop abundantly up to a depth of 

about 4| inches. 

No. 1.— Tertiary or fibrous roots poorly developed. 

No. 2, — ^Tertiary or fibrous roots well developed. 

B. Secondary roots horizontal and develop abundantly up to a depth of 

about 6| inches. , 

No, 3.— Tertiary or fibrous roots poorly developed. 

No. 4.^ — Tertiary or fibrous roots well developed. 

IL XeropJiyiic— 

A. Secondary roots oblique and develop mostly from the upper 5 to 7 

inches of the tap root. 

No. 1. — Tertiary or fibrous roots poorly developed. 

No. 2. — Tertiary or fibrous roots well developed. 

B. Secondary roots oblique and develop mostly from 7| to 12 inches of the 

tap root. 

No. 3. — Tertiary or fibrous roots poorly developed. 

No. 4.— Tertiary or fibrous roots well developed. 

It might be mentioned that root Types 1 and 3 and 2 and 4 respectively in 
both the mesophytic and the xerophytic systems sometimes look more or less alike 
but the differences in their working depths have always been rather pronounced 
and hence this sub-division has had to be made, 
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Table I depicts tht; diffeient types of root systems observed in types 
together with the locality from which each type originated, as well as some other 
morphological characters which seem to be related with the root systems. 


Table I. 


Root systems and some other characters of mung tyjies. 






Boot 




Hatiire of 
toot 
system 

Mung 

+'ype 

No. 

Locality 

of 

origin 

Maxi- 

mum 

depth 

Lateral 

spread 

Work- 

ing 

dejith 

Develop- 
ment of 
fibrous 
roots 

Maturity 
of mimg 
type 

Plant habit 

Mosophytic 1 

40 

Murshidabad , 

18*0 

25*0 

3*50 

Poor 

Medium , 

Semi-erect, 

leaves 

» 

7 

Burdwan . . 

23*0 

21*0 

3*75 

Poor 

Early 

spaiHe. 

Semi -erect, 
and bushy, 

Mesophytic 2 

9 

Bbagalpur 

24-0 

22*0 

3*75 

Pair 

Early 

Semi-erect, 
leafy and 
robust* 

*> 

22 

Eatnagiri 

22*0 

32*0 

3*00 

Pair 

Early 

Spreading, 

prolific. 


29 

Eatiiagiri 

24*5 

29-5 

3*75 

Good 

Early . 

Spreading, 

bushy. 


13 

Monghyr . 

19*5 

30*5 

3*50 

Good 

Early 

Spreading, 

robust. 


4.: 

Sabour . 

22*5 

31*5 

3*75 

Good 

.Early 

Spreading, 

robust. 

»» 

2 

Bbagalpur 

20*6 

31*0 

3*00 

V. good . 

Early 

Spreading, 

robust. 


28 

Sopaya . . 

17*5 

21*0 

3*50 

V. good • 

Early 

Semi-eroot, 

prolific. 

MesopKytie 3 

39 

Brahmanbaria . 

24*0 

29*0 

6*50 

Poor . 

Late 

Spreading, 

bushy. 

Mesophytic 4 

20 

Mandalay 

20*5 

20*5 

6*50 

Good » 

Medium . 

Semi-eroct. 

Xerophytic i 

35 

Mandalay 

21*5 

10*5 

6*00 

Poor . 

Medium . 

Semi-erect. 


33 

Mangalore 

■ 19*0 

10*5 

6*50 

Poor 

Early . 

Semi-erect, 

poor. 


24 

Mandalay 

20-0 

12*0 

6*00 

Poor 

Early 

Semi-erect, 

prolific. 

»»■ 

14 

Lyallpnr , 

25*0 

12'5 

6*00 

Poor 

Early 

Semi-ereot, 

roor. 

. » 

5 

Abrnedabad 

23*0 

12*5 

6*25 

Poor 

Early . 

Semi-erect, 

fairly 

bushy. 


12 

Dohad , . i 

■ i 

23*5 

13*0 

6*26 

Poor • 

Early , 

Semi-erect, 

bushy. 
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Hature of Mmg Locality 

root type of 

system iCo. origin 


Xerophyfcic 1 . 

9 * ‘ 

Xerophytio 2 


11 ]5?agpur . 

23 Soliewbo Hortb 
3 Dohad 

36 Yootmal . 

6 Haveri . 

18 Bamnad . 

21 Pesbawar 

25 Peshawar 

26 Partabgarb 
34 OaWnpur . 

38 Islampur . 

37 Islampur . 

27 Mandalay 
10 Allaamyo 

8 Aligarb . 


Xeroph.ytic3 

>> 

Xeropbyfcie 4 


16 

Gurdaspur 

1 

Eamnad * 

16 

Coimbatore 

32 

Bangalore. 

30 

Knmpta . 

19 

Coimbatore 

31 

Samalkot . 

17 

Coimbatore 


Maturity 

, Develop- ainmng Plant habit 

Lateml Work- 

spread fibrous 

depth deptk 



Similarly Table II given below shows the same characters for tbe 25 types of 
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Table II. 


Root system and some other charaelers of iirid types. 


Nature of 
root 
system 

Urid 

type 

No. 

Locality 

of 

origin 

Root 

\Iaturity 
of mid 
type 

Plant habit 

Branching 

Maxi- 

imim 

depth 

Lateral 

spread 

Working 

depth 

Develop- 
ment of 
fibrous 
roots 

Mesopliytio 1 

16 

Bhagalpur 

26*0 

27*5 

4*00 

Poor . 

Medium 

Sjjreading 

Moderate 

..♦# ■ 

19 

Burdwan 

28*5 

28*0 

4‘00 

Poor . 

Medium 

Spreading 

Moderate 

Mesophytic 2 

9 

Fusa . 

27*5 

29*0 

4*00 

Pair . 

Medium 

Spreading 

Profuse 

»» ; ' 

4 

Pusa 

22*5 

31*0 

4*50 

Good . 

Medium 

Trailing . 

Profuse 

» 

6 

Barbhanga. . 

22*5 

32*0 

4*50 

Good . 

Medium 

Spreading 

Profuse 

** 

24 

Birhhum 

29*0 

22*5 

4*50 

Good . 

Medium 

Semi- erect 

Profuse 

Mesophytic 3 

25 

Gaya . 

31*0 

30*0 

6*50 

Poor . 

Late . 

Spreading 

Moderate 

Mesophytic 4 

2 

Muzaffarpur . 

29*0 

30*5 

6*25 

Good . 

Late . 

Trailing . 

iProfuse 


12 

Sabour . 

29*5 

30*5 

6*25 

Good . 

Late . 

Spreading 

Profuse 

♦> 

14 

Sepaya . 

24*5 

29*0 

6*25 

V. good 

Late . 

Trailing . 

Pit fuse 

** j 

17 

Bhagalpur 

27*5 

28*0 

6*25 

V. good 

Medium 

Spreading 

Profuse 

*> 

5 

Muzajffarpur . 

29*0 

29*0 

6*50 

V. good 

Late . 1 

Spreading 

Profuse 


1 

Monghyr 

31*0 

34*5 

6*50 

y. good 

Late * 

Spreading 

Profuse 

Xoropliytio 1 

22 

Gurdasiiur . 

32*0 

19*0 

4*50 

Poor . 

Early , 

Spreading 

Scanty 

i» 

11 

Aligarh. 

24*5 

18*5 

6*00 

Poor . 

Medium 

Spreading 

Profuse 

Xerophytic2 

8 

Aligarh . 

28*5 

20*5 

5*00 

Fair . 

Early » 

Spreading 

Profuse 

n 

10 

Perozepur 

30*0 

19*0 

5*00 

V. good 

Medium 

Spreading 

Profuse 

*r 

23 

Tanjore . 

28*5 

19*5 

6*50 

V. good 

Medium 

Trailing . 

profuse 

Xorophytic 3 

21 

Lyallpur . 

39*0 

20*0 

8*00 

Poor . 

Medium 

Spreading 

Profuse 

n 

15 

Campur 

38*0 

19*5 

9*25 

Poor . 

Late . 

Spreading 

Profuse 

Xerophytic4 

3 

Cawnpur • 

34*5 

17*5 

7*50 

Good . 

Medium 

Spreading 

Profuse 

tt 

7 

Aligarh . 

33*0 

# 

7*50 

Good . 

Medium 

Spreading 

Profuse 

»» 

13 

Bohtak. 

27*0 

19*0 

7*50 

Good . 

Early , 

Siircading 

IModerat© 

■ ■■■ 

18 

Agra 

30*0 

18*5 

7*50 

Good . 

Medium 

Sjireading 

Profuse 

** - 

■ 20 

Thana , 

28*0 

12*0 

10*00 

Good . 

Medium 

Semi-erecl 

) Moderate 
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The relation of root habit ivith other characters is well apparent from the above 
two tables and will be discussed in some detail in the following pages. In general 
it may be pointed out that the maximum depth of the main tap root is greater m 
the xeroyhytic than in the mesophytic type of root system. 

Table III, 


Relation of the type of root system with its maximum depth in mung and urid types. 


Ma^mum depth 
ia 

inches 

Mung (P, mdiaius L.) 

Und (P. Mungo li, var, SoxhurgMi Drain) 

Mesophyfcio 

roots 

Xerophytic 

roots 

Mesophytic 

roots 

Xerophytic 

roots 

is-l to 17-6 . . 

T. 28 . 



■ 

17-6 to 20*0 . 

T. 13, T. 40 . . 

T. 8, T, 24, T. 33 

... : ■ 


20-1 to 22-6 . . 

T. 2, T. 4, T. 20, 
T. 22, T. 29. 

T. 1, T. 16, T, 16, T. 30, 
T. 34, T. 35. i 

T.4,T.6 . 

- . 

22*6 to 25*0 . 

T. 23, T. 9, T. 39 . 

T. 5, T. 6, T.10, T. 12,1 
T. 14, T. 26, T. 27, 
T. 36, T. 37, T. 38. 

T.14. . . 

T. 11. 

25*1 to 27*5 . . 

■ . ■ 1 

T. 3, T. 11, T. 17, T. 18, 
T. 19, T. 23, T. 26. 

T. 9, T. 16, T. 17 . 

T.13. 

27*6 to 30*0 . 



T. 2, T. 6, T. 12, 
T. 19, T, 24. 

T. 8, T. 10 , T. is. 
T. 20, T. 23. 

30*1 to 32*6 . 


T. 31, T. 32 

T. l.T. 25 . . 

T. 22. 

32*6 to 35*0 . 


T. 21 

... 

T. 3, T. 7. 

35*1 to 37*5 . . 

... , 

... 


... 

37*6 to 40*0 . 

... 


... 

T.16,T.2L 


It is evident from the above table that the mesophjrtic types in both the crops 
do not usually send c ut their main tap-roots to such depths as do the xerophytic 
types and also that the urid in general have a deeper root system than the 
mung types. 

IV. EeLATION TO LOCALITY 

Though root-habit is responsive to environmental conditions within certain 
limits, it is primarily governed by heritable factors. Nature and nurture are two 
important attributes on which the growth and development of all plants depends, 
bvit it may be s^id^ without the least hesitation, that no amount of selection and 
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growing them under changed enviromhental conditions will ever tend to change the 
root-habit of any^plant. -The maps on Plate LXXVIIT show the different localities 
from which the original seed of the various Pusa and urid types was drawn and 
also represent the nature of root system which each type possesses. It is interesting 
to find that all types with the mesophytic type of root-system, excepting Type 
20 from Mandalay and Types 22 and 29 from Eatnagiri have originated from seeds col- 
lected from the alluvial soils of Bengal and Bihar. The other types having a xero- 
phytic type of root system, on the other hand, have come from drier tracts of the 
United Provinces of Agra and Oudh, Punjab and peninsular India and some parts of 
Burma. It is quite possible that these three types, Types 20, 22, and 29 were 
not indigenous to the localities from which they were drawn, but had been tem- 
porarily introduced there from somewhere else; 

These results, it might be noted, are in conformity with those obtained in 
previous root studies with other crops, and the explanation regarding the distribu- 
tion of the different t 3 q)es of root-habits is obviously centred round the two points, 
1) of soil aeration and (2).cf the capacity of the soil to retain moisture. In the first 
place the anaerobic condition of the lower levels of the soils in the Gangetic alluvium 
. does not favour deep growing root systems while the presence of sufficient moisture 
and food materials in' the upper soil layers renders the Gangetic alluvium an ideal 
substratum for Surface-rooting types. Conversely the drier soils of peninsular India 
and Punjab with their deeper-seated supplies of moisture and better aeration at 
deeper levels are fitted for the growth of types which posse.ss xerophytic root systems. 

It must be acknowledged that the types of mung isolated at Pusa have come 
from a wider range of soil and clinoatic conditions than those of urid as will be appa- 
rent from the maps in Plate LXXVIII. Samples of seed, however, of both these 
crops were collected from more or less the same places but most of the urid strains 
from peninsular India and some other parts, failed to grow at Pusa on account 
of heavy rains during the growth period of this crop which is from July to October. 
The mitwg crop, being grown in and round about Pusa during the dry months of 
March to May, did not suffer likewise and hence has remained rather more represen- 
tative of the different conditions. . . 

V. Eelation to mattjeity 

That a deep-rooting habit and a long growing season and a shallow-rooting habit 
and a short growing period go hand in hand has been demonstrated by many 
workers, viz., Weaver [1926], Bose and Dixit [1931] and others. This fact is further 
confirmed by the present studies. Table IV shows the relation of the type of root 
system and its working depth with the maturity oi n^ung and urid types, 
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There is also a definite relation between the lateral spread of the roots and the general habit ol the nppCT 
parts of the plant. Trom the table given below it mar be noted that the lateral spread of secondary roots is 
much greater in the mesophytic than in the xerophytio types of root systems and that types with a spreading 
habitof the plant have also a greater lateral spread of the roots than types with the erect and semi-erect 
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It may be generalized that in mung and urid the range of the lateral spread of 
secondary roots is somewhat as follows;— 


Eoot habit 

Shoot habit 

Eange of lateral spread in inches 

Mung 

VfU 

Mesophytio 

Erect or semi-ereot , . 

20-1 to 25-0 

20*1 to 22*5 

• • 

Spreading , . , 

27*6 to 32-5 

25-1 to 36-0 

Xerophytic 

Erect or semi-orect , . 

10-1 to 17'5 

101 to 12*6 


Spreading 

12-6 to 20-0 

151 to22’6 


These facts thus confirm the general rule that the root habit of a plant is more 
or less the mirror image of the shoot habit. This information regarding the habit 
and spread of root systems in the various types of m'mg and wn'd can be utilized 
most advantageously as a guide in the spacing that should be given to each type 
under field conditions. Obviously the spacing will vary directly with the extent of 
the lateral spread of secondary roots. 

VII. StTMMAEY AND OONOLDSIONS 

The root systems of forty types of muring or green gram {Phaseolus radiatUs 
Linn.) and twenty-five types of uri-d or black gr&m (Phiseolus mmgo L. mr. 
Roxburghii Train) isolated at Tusa have been studied and their relationship with 
some other characters determined. The popular method of root washing with the 
help of a knapsack sprayer was used. 

In both the crops the following classes of root systems Were obserted i— 

I. Mesophytic-^ 

A. Secondary roots horizontal and develop abundantly up to a depth 

of about 4| inches. 

No. 1. — ^Tertiary or fibrous roots poorly developed. 

No. 2.— Tertiary or fibrous roots well developed. 

B. Secondary roots horizontal and develop abundantly up to a depth 

of about 6| inches. 

No. 3.— Tertiary or fibrous roots poorly developed. 

No. 4.— Tertiary or fibrous rootfl well developed. 
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A. Secondary roots oblique and develop Mostly froM tbe upper 6 to 7 

inctes of tbe tap root. 

No. L— Tertiary or fibrous roots poorly developed. 

No. 2. — Tertiary or fibrous roots well developed. 

B, Secondary roots oblique and develop mostly from 7| to 12 inches 

of the tap root. 

No. 3, — Tertiary or fibrous roots poorly developed. 

No. 4.— Tertiary or fibrous roots well developed. 

It was found that the maximum depth of the main tap root was greater in the 
xerophytic than in the mesophytie types of both and urid, but that urid 

generally had a distinctly deeper root penetration than 

Types oi mung and urid coming from the alluviums of Bengal and Bihar 
invariably had a mesophy tic type of root system, whereas types which originated 
from seed collected from drier localities of the United Provinces of Agra and Oudh, 
Punjab, North-West Frontier Province and Peninsular India as well as most of the 
types from Burma, all possessed the xerophytic type of root system. 

All early maturing forms of mung and urid had a shallow working depth of their 
roots while all late maturing types had a deeper working depth. Types which were 
medium in maturity were also intermediate as regards this character. 

The lateral spread of secondary roots was much greater in the mesophy tic than 
in tihe xerophytic types of root systems. Types with a spreading habit of the 
plants had a greater lateral spread of the roots than types with the erect or semi- 
erect plant habit. 

REFERENCES 

Ali Muhammad and Deshpande, R. B. (1929). Agric, J. Ind, 24, 251—258. 

Bose, R. B. (1932, 1). Ind* J* AgT%c» Sci» 2, 607-624# 

-(1932,2). 2, 625-637. 

Bose, R. D. and Dixit, P. D. (1931). IncL J. Agrio. Sci. 1, 90-108* 

Howard, A., and Howard, G# L. C. (1917). Agric, J, Ind. (hidimi Bckme Oongresa 
jS^o.) 12, 17. 

Kashi Ram and Madhava Row, R. (1931). Ind* J, Agric* Bci* 1, 715. 

Sethi, R. L. (1929). Mem, Dept, Agric, Ind,, BoL Berks, 18, No. 2. 

Venkatraman, T. S. (1922). 17, 381. 

Weaver, J. E. (1926). Root Development of Field Crops, New York, 177. 


fHOTO-NITEIMCATION OF SOME COMPOUNDS. 





St 

RAM SINGH SARKAMA, 

Agrimlt/aral Bacteriologist, Agricultmal Research InstiMe, LyaUpw, 

AND 

FAZAL^ro-DIN, 

Bactmological Assistant, Agricultural Research InstiMe, LyaUpur. 

(Received for publication on 26tl^ April 1033) 

A number of chemical reactions involyed in the oxidation of ammonia are 
known since long. Ammonia, for instance, can be oxidised in the presence of 
copper oxyhydrate and ferric hydrate. Ammonia can also be oxidised by ultra 
violet rays and by interaction with ozone and hydrogen peroxide. These chemical 
changes are, however, of no importance in the soil. Nitrification in soils has hither- 
to been universally believed to be exclusively biological in nature [Waksman, 1927]. 

It has recently been shown by Rao and Dhar [1931] that ammonia aud its 
salts of mineral acids are rapidly oxidised photo-chemically to nitrite in the 
presence of a sensitizer such as, zinc oxide. Since certain facts were not explainabie 
on biological basis, they suggested that photo-chemical nitrification was also going 
on side by side with the microbiological process. 

Zo Bell [1933] found measurable increase in the nitrite and nitrate content 
of sea water, when it was added to ammonium salts in the presence of sunlight, 

Palit and Dhar [1926, 1930] carried out a systematic investigation of the 
photo-chemical oxidation of some of the compounds (urea, hippuric acid and 
glycocoU) included in this study. They, however, studied this from the view point 
of oxidations in the living cell, and did not observe the ultimate fate of nitrogen 
during the process. 

It is a well known fact that amino-acids in aqueous solution are oxidised to 
carbon dioxide and ammonia in the presence of blood charcoal. 

The work reported in this paper was undertaken with a view to find out if 
nitrogenous organic compounds can also be oxidised to nitrite photo-chemically 
and also if ordinary field soil can act as a photo-sensitizer. 
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Methods of analysis. 


{i) Estimation of nitrous nitrogen. — Griess Illosvay method . 

(ii) Estimation of nitric nitrogen.—VhenohAim^^ acid method. 

In certain cases interfering colours were produced, due to the presence of 
organic matter, but the results were not materially afiected. 


Experimental. 

One per cent, solutions of urea, glycocoU and acetamide were exposed to 
sunlight in 300-o, c. Erlenmeyer flasks. Zinc oxide was used as a sensitizer in 
the quantities of two grams in each case. 

Preliminary observations were made after three days’ exposure to sun in Decem- 
ber and it was found that appreciable amount of nitrite was formed in all cases. 
This led to the study of some other nitrogenous compounds. Eleven different 
organic compounds were tried. One per cent, solutions of mono-ethyl amine, 
diethyl amine and aniline containing 106, 140, 165 mgms. nitrogen per 100 c, c. 
solution respectively, were prepared and the other compounds were used in quan- 
tities equivalent to 10 mgms, of nitrogen per 100 c. c. solution. Fifty c. c. of 
these solutions were placed in twenty-two 300-c. c. Erlenmeyer flasks which were 
divided into two series of eleven flasks each. Two grams of zinc oxide were added 
to the flasks in one series and five grams of normal soil (clay loam, suflicient to cover 
the bottom of the flasks) were added to those of the other, A third series of flasks 
was prepared to serve as control to which no sensitizer was added. With each of 
the fir«;t two series a flask containing 60 c. c. of distilled water with the requisite 
amount of sensitizer (zinc oxide and normal soil) was placed. All the solutions 
were sterilized. Mono-ethyl amine, diethyl amine and aniline were added with a 
sterile pipette in 50 c. c. of sterilized water in the flasks with and without sensi- 
tizer. These were all exposed to the sun over roof with such an arrangement that 
the maximum amount of it was availed of during the day. These were shaken 
occasionally, and the catalyst was kept well spread at the bottom. 


Eesttlts obtained. 


The contents of the flasks were analysed after 7 and 14 days’ exposure. To 
detect bacterial contamination, one c. c. of the solution in each flask was plated on 
nutrient agar at the end of 14 days, and aU the flasks (except two of uric acid and 
dicyan-diamide with soil as sensitizer) were found sterile. The results obtained 
are recorded in Tables I and II. 
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Table I. 

Showing photo-oxidatwi of the solutions with zinc oxide as eatalyst. 


Mgms. of nitrogen per 100 c. c, solution. 


Serial 

No. 

Compound 

Seven days 
nitrous N 

1 

Uric Acid , . . . 

0-052 

2 

HippuricAcid * . 

0-037 

3 

Acetamide . . . . 

0-071 

4 

Glycoooll , . , . . 

0*480 

5 

Urea . ■ ■■ '■ , , ' ; ' . . ■ . 

0*015 

6 

Ammonium acetate • 

0*324 

7 

Ammonium oxalate . .. 

0*324 

8 

Dicyan- diamide . • * • 

0*014 

9 

Mono-ethyl amine . . 

1*372 

10 

Diethyl amine . , . 

0*713 

11 

Aniline . , . . 

0*037 

12 

Diet, water . . . . . 

Nil 


Fourteen days 


Nitrous N Nitric N 


0*105 ' 
0*078 
0*233 
0*480 
0*018 
0*551 
0*146 
0*017 
1*701 
1*,M4 
0*041 
Nil 


T4BLT5 11. 


Showing phof^’^oxidation with s a catalyst 


Compounds 

Seven days 

■ 

Nitrous N 

Excess 

over 

control 

Uric acid * 


0-016 

0*000 

Hippurio acid . , . 


0*031 

0*015 

Acetamide 


0*016 

0*000 

Glycoooll. 


0*018 

0*002 

Urea . . . 


0*017 

0-001 

Ammonium acetate . 


0*024 

0*008 

Ammonium oxalate . 


0*016 

0*000 

Dioyan'diamide • 


0*019 

0*003 

Mono-ethyl amine . 


0*259 

0*243 

Diethyl amine . 


0*211 

0*195 

Aniline . . . . 


0*415 1 

0*399 

Dist. water (control) * 


0*016 



Fourteen days 


Percentage 

oxidised 


These indicate that all the compounds tried were oxidised when exposed to 
the sun in the presence of isinc oxide, maximum oxidation being in case of urea and 




1060 INDIAN JODENAt Ot AGElDTOTtlEAL SCIENcN [Itl, Vt 

mono-etliyl amine out of the other three (liquids). In this series, 'all the solutions 
except those of the amines and ammonium salts were tested with Nessler’s solution 
and were found to contain ammonium radical. 

It is evident from the results given in Table II that the soil acts as a very weah: 
sensitizer and that even only in the case of a few compounds, hippuric acid, urea, 
ammonium acetate, mono-ethyl amine, diethyl amine and aniline. It is interesting 
to note that oxidation in the case of aniline with soil as sensitizer was more vigorous 
than with zinc oxide. This was repeated and confirmed. No nitrite, however, was 
formed in aniline solution with soil when kept in the dark showing thereby that the 
oxidation is purely a photo-chemical one. 

In the case of solutions without sensitizer only mono-ethyl amine showed 
appreciable nitrous nitrogen (0‘013 mgm. per 100 c.c. solution) when analysed 
after a week. The rest of the solutions either showed a faint trace or nil. 

Oxidation of ammonium sulphate solution with different soils as sensitizer. 

In order to see if different soils act as photo-catalysts in ammonium sulphate 
solution, six soils were selected ranging from one per cent, to 33 per cent clay. From 
the sandy soil (containing one per cent, clay) the sand was separated by washing 
off the fine fraction, and from the clay soil (containing 33 per cent, clay) fine frac- 
tion was separated by allowing the soil emulsion to settle for about five minutes. 

Fifty c. c. of ammonium sulphate solution (10 mgm. of nitrogen per 100 c.o. 
solution) and 50 c.c. of distilled water were put in duplicates in 300-c.c. Erlenmeyer 
flasks respectively. Five grams of soil were added to each of the flasks and 
sterilized. These w'ere exposed to the sun over roof and analysed for nitrous and 
nitric nitrogen after a fortnight. The results obtained are given in Table ITT . 

Table III. 


Showing the inactivity of different types of soils as photo-sensitizers on ammonium 

sulphate. . 


Soil No. 

Percentage clay 
in the soil 

(NHjhSO, 

solution 

Distilled water 

Nitrous N 

Nitric N 

Nitrous N 

Nitric N 

1 

Sand 

Trace 

Nil 

Trace 

Nil 

2 

1 


»* 



3 

6 




» 

4 

11 




9i 

6 

i 18 


»> 

ff 

»» 

trace 

'S J ‘ 6 

, 23 

■ ■ 





1 33 



>> 


t 'v ' 3*' , f 

j ; ^ Pine fractions 

: *f ■ 


99 

■ *9 
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These show that none of the soils acted as photo-catalyst on the oxidation of 
amnxoninin sulphate solution in a fortnight. 

Animal charcoal as a catalyst. 

Action of animal charcoal was also compared with that of zinc oxide as a 
catalyst and it was found after a week that oxidation of ammonium sulphate 
solution (10 mgms. of nitrogen per 100 c.o. solution) was more vigorous under the 
influence of animal charcoal as sensitizer than zinc oxide as per Table IV. 

Table IV. 


Sluming the eatalylic cictim of zine oxide and animal c^reoal on the oxidation of 

ammonium sulj)hate solution. 


Sensitizer 

Nitrons nitrogen 

Percentage oxidised 

1. Zinc oxide (a) . . . . , . 

0*026 

0*26 

(b) . . . . . . . 

0*026 

0*26 

2. Ai'imal charcoal (a) • , ... 

1 0*168 

l'(58 

(b) . . . . . . . 

0*175 

. ■ 

1*75 


Ammonium sulphate solutions treated with wood charcoal as sensitizer showed 
only a faint trace of nitrite. 


DiSCOSSION OE RESULTS. 

From the results given above it will be observed that some of the solutions 
were low in nitrite content at the end of 2nd week. This appears to be due to the 
oxidation of nitrite to nitrate. 

The oxidation of sodium nitrite solution was tried with and without a catalyst. 


Table V. 

Shomng the oxidation of sodium nitrite mgms. nitrogen per 100 c.o. solution. 


Serial 


1st ’week 

2nd week 

! ' . 

1 Penjentage 

Ho. 

Treatment 

Nitrons 

N 

Nitric 

N 

Nitrous 

N 

Nitiio 

N 

oxidised 


WitkontZnO . . 

11*016 

1*3 

10*368 

1*3 

0-0 

2' 

Bo. • . . 

11*016 

1*4 

11*016 

1*3 

0*0 

3 

Witlt ZttO 

6*832 

6*0 

4*636 

7*0 

61*7 

4 

Bo, . . 

6*832 

6*8 

4*860 

6*8 

49*9 
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The results given in Table V show that sodium nitrite was oxidised to nitrate 
in the presence of a sensitizer, but the oxidation did not take place in its absence. 
This conforms to the findings of Palit and Dhar [1928], who observed no nitrate 
formation from sodium nitrite when air was bubbled through the solution for 5J 
hours in the sun. 

Aqueous solution of aniline readily underwent decomposition in the sun and 
was changed to a dark brown turbid solution, but when analysed after a week it 
did not show any nitrite. However, in the presence of catalysts pronounced 
oxidation took place. It was rather surprising to note that soil which acted as a 
very feeble catalyst surpassed zinc oxide in oxidising aniline. This might be due 
to the further decomposition of the dark brown product by the soil complex into 
easily oxidisable compounds. 

Soil has shown a very feeble catalytic action, and that only in the case of some 
organic compounds. A number of field soils tried as catalysts did not show any 
action in the case of ammonium sulphate. If 60 c.c. of dilute Omliansby solution, 
containing about 10 mgms. of nitrogen as ammonium sulphate per 100 c.c. solution, 
be inoculated with a small quantity of soil and incubated at 30°0., about 5 mgms. 
of nitrogen was nitrified in a fortnight, while the photo-catalytic action of the soil 
in the same period was not appreciable at all. Prom this we might speculate that 
photo-chemical nitrification in soils is of little significance when compared with the 
microhial process. However, this needs further examination with different types of 
soils. 

Soils used in these experiments were sterilized in the autoclave. It is possible 
that the catalytic property of soils might have been adversely affected by heat, 
since soils are changed both physically and chemically by autoclaving. 

The presence of ammonium radical in the nitrifying solutions indicates that 
organic oompoimds were' first oxidised to ammonium compounds which were 
subsequently changed to nitrite. 

Animal charcoal was found to be a more effective photo-catalyst than zinc 
oxide, while wood charcoal showed but a very feeble action on tbe oxidation of 
ammonium sulphate. 
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III 

|i 

I 

I' 

I 5 

CoNcttrsioNS. |j 

■■■'i i 

1. Organic compoiinds can be nitrified photo-cliemicalljr. | 

2. Field soil acted as a feeble catalyst in the oxidation of some of the organic j 

componnds. It, however, did not show any catalytic action* on the oxidation of ; 

ammonium sulphate. ; 

3. Sodium nitrite was oxidised to nitrate in the presence of zinc oxide. I 

4. Animal charcoal as a catalyst was stronger than zinc oxide. j; 

EIFERENCES. . 

Bell, c.E.z. (may [ 

Falitand Dliar/N/E. 32 , 1263. i| 

__ — (1930). «/* VTiys, Chem* 34,993. | i 

RaoV G. G. and DhaivN.B. ; 

Walisinan, S. i., (1927 \ Principles of Microbiology. 1 1 

I I 

l^ote (aided^ on 2nd A'iignst 19$S.) 

* Since tbis article Was snbnaitted for i iiblicaiicn (April 12, 1933) car attenticn bas been drawn 
to a paper on “ Pboto-nitridoation in Soil ** by Pbar, Bhattacbarya and Biswas in ^ Soil Science 
VoL XXXV, pp. 281-284 (April 1933) in wMcb the antbors have come to the conclnsion that the 
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conclnsion, however, requires confirmation under a set of different conditions. The work is in 
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HETERODEEA MARION! {COmU) GOODEY IN SOUTH INDIA. 

BY 

R N. KRISHNA ATYAR, B.A., 

Mcdras Agricultural Department. 

(Received for publication on 1st May 1933) 

(With Plates LXXIX and LXXX) 

Introduction. 

The root-inhabiting nematode, JTe^erodlem manoni (Oornu) Goodey has been 
known to be the cause of one of the most destructive plant diseases in South India 
for the past several years. A brief history of the disease with an account of the 
biology of the parasite, its range of host plants and distribution and some measures 
of control tried in South India have been described by the writer in previous papers 
[Krishna Ayyar, 1926, 1933], The purpose of the present paper is to present the 
results of more recent studies of this nematode, particularly in regard to host 
preferences, depth-distribution and some methods of control under the conditions 
obtaining in South India. 

Host PECTERENOEs. 

In the practical control of this pest either by crop rotation or by cultural 
methods an accurate knowledge of the comparative susceptibility or resistance of 
different kinds of agricultural crops will be of utmost value, and these factors have 
already been investigated and recorded [Krishna Ayyar, 1933], Another factor of 
great economic significance which requires elucidation is the range of potential host 
plants regarding which no data are available in this country. The experiment 
described below, which throws some light on this aspect of the problem, was started 
towards the end of 1931 and continued until the middle of 1932. 

Methods OP STUDY. 

The experiment consisted in growing a number of plants in soil heavily infected 
with Heterodera. The soil used was taken from a plot in the local insectary 
compound attached to the Agricultjural College which was noted to bo highly 
infective. From around tomato plants badly diseased and heavily galled by 
nematodes, soil was removed and loosened, and a small quantity of ordinary sand 
incorporated. Small earthen pots were filled with this infective soil. About twenty- 
five seeds of each of the following crops were sown separately in each pot on 6th 
Pecember 193J, The pots were carefully watered and kept under the sarne con4i-: 
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tions of moisture, air, light and temperature. The climatic and other conditions 
being the same for all the different varieties, any variation shown in the nature of 
the attack should form a sound basis for an empirical study of the comparative 
susceptibility or immunity of the plants concerned. A few plants from each 
pot were carefully uprooted and the roots examined at intervals. The varying 
degrees of infection and resistance as shown by the abundance or absence of root- 
galls are indicated in the foUowihg table. The plants are arranged in descending 
order of severity of infection. 

Eelative siisceptibility or resistance of plants. 


Scientific name of plant 


Popular name 



Nature of infection and 
remarks 

Hibiscus esculentus . 



Bhindi 

• 

• 

• 

All roots most severely 
galled. 

Hibiscus canmUnus • 



Gogu 

ft 

• 

* 

Do. 

PMseolus fadioitus . 



Green gram 


• 


Severe infection. 

Cicer arietimm . . 



Bengal gram 


ft 


Severely knotted. 

Phasedus mungo . * 


'■# 

Black gram 


ft 


Do. 

DolicJhOs Uflorm • ♦ 



Horse gram 




Do. 

Medicago saiim . • 


' ft 

Lucerne , 




Abundantly infected. 

C$^u7nopsis ieiragonold>us , 



Cluster bean 




Do. ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

Vigm catjang • « 

« 


Co'wpea 


ft 


Mild infection. 

Cucwbiia mascma , • 

• 

ft 

Pumpkin 




Do. 

Arachis h/ypogaea * . 


ft 

Groundnuts 


ft 


Do. 

Sesbania aegy^iaca 

• 

ft 

Dhaincha • 


• 


Do. 

Capsicum annmm , 

• 


Ohillie 


ft . 


Sligbt Infection. 

Dolichos Zablab 



Lablab 




Do. 

Linum usUcUissimum • 



Linseed 




Do. 

Sesamum indtcum . 

• 


Gingelly 




Do. 

Trigondla faenim graecum 

'ft' 


Ventkayam 




Do. 

Eleusim coracana . 



Bagi . 




Very slight infection only i: 
one case at root-tip. 

Coriandrum saiivum 


• 

Coriander • 




Doubtful infection. 

Qossypium Mrsvium • 


• 

Cotton (Cambodia) 



No infection. 

Bicinus communis . 


• 

Castor 

* 

ft 


Do. 


I i 

f i 
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Scientific name of plant 

Popular name 

Nature of infection and 
remarks 

Oajanus indictts . . , 

. 

Bed gram . 



No infection. 

CariJiamm tinciorius , • 


Safflower . 


• 

Bo. 

Zm Mays . , • , 


Maize • 



Bo. 

Crotolafia juncm • , 


Sunniiemp ♦ 



Bo. 

Paniciim mUiacmm 


Panivaragu . 



Bo. 

Pamcum miliare , • 


Sanai 



Bo. 

Guizotia abysmnica 


Mger seed . 



Bo. 

Paspalum scrdbiculatuin • 


Varagu • 



Bo. 

Oryzasativa . . • 


Paddy 



Bo. 

Pemiset'um typJioideum . 


Cumbu 



Bo. 

Beiaria Ualica . . 


Thenai 



Bo. 

Andfopogon Sorghum 


Qholam 



Bo. 


Discussion of results. 

It is bteresting to note that some plants are most susceptible like bJiindi, 
Bengal gram, etc., and a few ate completely immune under the conditions 
provided. Among the susceptible groups some are more severely attacked than 
others. The external symptoms were not uniform. Some attacked plants were 
’stunted and unhealthy while others remained apparently uninjured. Those crops 
that exhibited severe infection perhaps form the natural hosts in the field. Further 
among the suceptibles, species of plants belonging to widely different families 
are noticed, while on the other hand some closely related varieties show striking 
differences in resistance. Among those noted to be resistant species, there are 
a few that have been recorded as natural hosts elsewhere. The susceptibility or 
resistance of a plant may not be merely dependent upon inherent differences 
in the plants themselves but also on factors such as soil, climate or the host history 
of the parasite. Whether the plants grouped together as immune will lose their 
power of resistance under different conditions or after an extended period of 
cultivation in infected soil are points for further investigation. Another point 
that requires elucidation is the factor or factors that render some plants unsuitable 
for nanatode infestation. It is clear, however, that Nature in its infinite bounty 
has provided in these resistapt varieties some pi?an§ of cqntrpl of the disease, 
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Tlie value of such experimeuts, as those descxibed, lies in the fact that such data 
will be of practical importance in developing varieties which can withstand the 
unfavourable conditions induced by eelworms. Those that exhibited any tendency 
to infection are to be carefully eschewed from infected soil as they have betrayed 
themselves to be potential hosts. 

Depth DISTRIBUTION OP jEsrEBODEBi IN South Indian SOILS. 

In the application of chemicals for soil disinfection against Eeterodera a 
knowledge of the nematode content of the soil at varying depths is indispensable. 
The extent to which the chemical has to penetrate into the soil and the quantity 
of material required are directly dependent upon the depth at which the nematodes 
occur and their distribution in the different layers of the soil. Lack of accurate 
knowledge of this factor has resulted in the failure of many experiments in eontol 
and has also often given rise to misleading conclusions. A pioneer attempt in 
estimating the nematode population of sod was made by Godfrey [1924: ] foi Morida 
soils. But this problem requires to he worked out for each country, 
locality and type of soil. With a view, therefore, to determine the distribution 
ot Eeterodera in South Indian soils the following preliminary experiment was 
conducted. 

Experimental procedure. 

Soil samples in sufficient qnantities from different depths from the heavily 
infected insectary compound were removed in earthen pots end susceptible plants 
were sown in these under uniform conditions. The percentage of infected roots 
to the total number was ascertained and the same was considered roughly to form 
an index to the numerical strength of the population of the particular layer. In the 
present experiment six samples of soil from six different layers were taken in the 
foHowing order in duplicates : — 


I sample Surface level to 6 inches depth. 


II 

JJ 

6 inches to 12 inches depth. 

III 

JJ ' 

12 „ to 18 „ 

99 

IV 

99 

18 „ to24 „ 

99 

V 

99 

24 „ to 30 „ 

5) 

VI 

99 

30 „ to 36 „ 

39 


The soil from each layer was carefully removed without any admixture of soil 
from other layers, and placed in two small flower pots. Nearly a dozen bJiindi 
seeds (the most susceptible of crops iu South India) were sown in each of the 
pots on 4th March 19S2. After the lapse of about a month a few plants from each 
pot were carefully lifted and counts of roots made as follows. Such readings 

K 


I 

I 

i 

i 

i 

j 

i 


> 

i 
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were recorded for a nuinTier of plants at intervals and some pliotograplis of tlie 
plants were taken. The percentages of infected roots to the total number were 
seen to afford a satisfactory and comparative numerical estimate of tbe population 
in different layers. 

Headings AND BESuLxs. 

In every case counts of the total number of large and small roots and the 
number of affected ones were made and the percentage of the latter calculated. As 
far as possible the numbers of galls in each root as well as their sizes have also been 
taken into consideration. From eye impressions and actual calculations the former 
readings were seen to be more reliable. 


Pot 

num* 

ber 

Different layers 
(inobes) 

dumber 
of large 
and 
small 
roots 

Number 
of roots 
with galls 

Percen- 

tage 

Date of 
examina- 
tion 

Nature of 
affection and 
remarks 

I 

Surface to 6 inches 

11 

6 

55 

6—4—32 

$ ^ivell formed, eggs not 
developed, galls" less 
than 1 mm. in size. 

11 

6—12 

16 

16 

U 

>* 

Weil affected, galls 1 
mm. — 2 ^ mm. — a few 
eggs. 

m 

12—18 

18 

18 

100 

9 > 

Most affected, large galls, 
2i mm. in size, sickly. 

IV 

18—24 

20 

4 

20 

99 

Plants more or less 
healthy, small galls. 

V 

24—30 

18 

1 

6 


Doubtful attack, healthy. 

Yl\ 

30-36 

20 

Nil 

NO 

99 

Healthy, free from at- 
tack. 

I 

Surface to 6 inches 

31 

28 

90 

g_4— 32 

Eggs in numbers and 
larvae. 

n 

e— 12 

28 

24 

86 

99 

Galls larger in size. 

in 

12—18 

30 

20 

97 

9t 

Eggs and larvae in plen- 

IV 

18—24 

20 

6 

21 

99 , 

Small galls. 

V 

24—30 

26 

■;’'■■■ 'I ; 

4 


Very small. 

VI 

30—36 

22 

Nil 

Nil 

*9 

Noinfeotion. 


4 





Pig- 1.— (i) Plant from I layer of 6 in.— heavily galled. (4) Plant from IV layer of 6 in.— slight infection. 

(2) Plant from 11 layer of 6 in.— heavily galled. (5) Planfc from V layer of 6 in.— very mild, only one galli 

(5) Plant from III layer of 6 in. — most heavily knotted. {6) Plant from VI layer of 6 in. — no infection at all. 


2, — {!) Plant from Ijayer of 6 in. — heavily knotted. 


I (4) Plant from IV layer of 6 in. — slight infection. 
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Pot 

Eum- 

ber 

BiSerent layers 
(ineiies) 

Number 
of large 
and 
small 
roots 

Number 
of roots 
with galls 

Percen- 

tage 

Date of 
examinav 
tion 

' Nature of, 
affection and 
remarks 

I; 

Surface to 6 iuobes 

116 

17 

15 

21—6—32 


II 

6—12 

57 

12 

21 

f9 


III 

12—18 

29 

21 

72 

»* 

^ Galls larger in size. 

IV 

18—24 

74 

4 

5 

»> 


V" 

o 

3 

44 

1 

2 

» 


VI 

30—36 

46 

i 

1 

2 

99 

Almost free from infec- 
tion, only one minute 
gall. 

I 

Surface to 6 inobes 

25 

25 

100 

10-8-32 

■N 

11 

6—12 

18 

18 

100 I 

99 

>-Largc galls, 3 mm.; — 8 

III 

12—18 

13 

11 

"85^ 

9* 

mm. in size. 

IV 

18—24 

9 

5 

56 

99 


V 

24—30 

17 

1 

6 

99 

Very minute gall. 

VI 

30—36 

16 

Doubtful 

? 

99 

One small root doubt- 
fully attacked. 


The averages of four readings at different dates are as below 

Soillayer, Fercentay<*^ of ii^eCtion, 

I layer of 6 in, 65 

n „ 75 

III „ 88 

IV 26 

v; „ , i, . 

VI „ 0-6 

The experiment though manifestly imperfect yields results which are somewhere 
near truth. The percentages quoted above form a reliable basis for comparison 
and -approximately represent a numerical estimate of the population at varying 
depths. But the results are best appreciated by a reference to Plate IXXIX. 
The region of maximum infestation is between one foot to a foot and a half, and 
that of minimum is below a depth of two and a half feet. From' thie heavily infec- 
tive soil of the surface there is a gradual increase in nematode population up : to ■ a 
depth of a foot and a half. There is a sudden drop in nematode contents from this 
layer to a depth of two feet and a half after which layer nematodes are extremely 

K 2 
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rare. Seasonal variations, however, may slightly alter the distribution hut the 
above estimates provide reliable data on the nematode contents at various 
in Coimbatore soils which should; in a way, be applicable to South Indian Soils. 



CONTBOL MEASURES. 

Sterilization of soils by chemicals. 

The efficacy of a few substances in reducing the nematode populations in the 
soil under South Indian conditions has been investigated [Krishna Ayyar, 1933]. 
In the following paragraphs tests with a few other chemicals are described. The 
experiments were conducted in small earthen pots filled with heavily infected soil 
Leaving two control pots the soil samples in other pots were treated with one of 
the chemicals enumerated below in the proportion indicated against each. In the 
treatments with potassium cyanide ammonium sulphate, calcium cyanamide 
and calcium cyanide an interval of five weeks was allowed before sowing of test 
crop in order to avoid their burning effects. All the pots were sown each with a 
dozen seeds (the best test crop in South India) on 4tb March 1932. The 
test with calcium cyanide was done separately at a different date. A few plants 
were uprooted from each of the pots including the control for the first time on 6th 
April 1932 just after a month. Thereafter a periodical examination of plants was 
conducted for a period of three months. The results are expressed in the following 
table : — 

Udative efficacy of chemicals. 


it i,'' ' ' ■ '' ' ' 

t 

Substances tested 

Rate of application 

^ Degree of infection in plants 

ijt' 

Potassium cyanide ^plus 
ammonium sulphate. 

800 lbs. and 1,000 lbs. 
per acre. 

No infection at all. Not one root galled. 
All free and normal. 

ft;,: 

|s^t' ' :t' 

Calcium cyanamide 

1 ,000 lb. per acre . 

Very slightly affected having a tm small 
galls one mm. in size. 


Su^hur 

800 lb, per acre 

Badly knotted roots, galls large, numerous, 
no relief afforded. 

I'i' 

Ammonium oarbonat© • 

800 lb. per acre 

Very severely galled but ptents had very 
vigorous growth ; no better than controls. 


Controls 


Very heavy infestation. 

h 

Calcium cyanide , . 

800 lb. per acre , 

Moderate infection, better than controls^ 
slight relief , 



EFFICACY TESTS 



Potassium cyanide and ammonium sulphate • • • tra;ce of root -galls. 

Calcium cyanamide • Very few galls. 

Sulphur -j 

Ammonium carbonate f . . « # • • • All heavily galled. No appreciable relief. 

Control ^ 
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TMs iBvestigation, comparati.vely simple in itself, yields some nsefnl results 
wliicli justify definite conclusions. Plate LXXX reveals clearly tfie extent of 
efficacy of tlie different treatments. The application of calcium cyanide in the 
proportion tried does not appear to afford much relief under South Indian 
conditions. The sulphur and ammonium carbonate treatments have shown no 
marked improvement from controls except that the latter, as would be expected, 
stimulated plant growth. Hence their use under these conditions will not be 
productive of any good results as soil disinfectants against Heterodera. The 
efficacy of potassium cyanide plus ammonium sulphate (Plate LXXX) is amply 
proved by the total absence of any trace of galls on roots for a period of over 
three months after application. This is in complete conformity with the findings 
of other investigators. This method can therefore be recommended under South 
Indian conditions. Calcium cyanamide, though not equally effective, has given 
some satisfactory results in that treated plants showed only a few galls on roots 
and were decidedly better than controls. But these treatments on a field scale may 
be out of question for economic reasons. However in limited areas where cost 
is of no great consideration, the treatment by potassium cyanide phis ammonium 
sulphate may be successful in eradicating soil nematodes under South Indian 
conditions. Without more extensive trials it would be manifestly unwise to piake 
general recommendations. 
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iNHEEITANOE OP OHAEAOTERS IN RAGI, ELEUSINE CORA- 
(GAERTN.) THE PINGER MILLET. 

PART yil— PIST-LIEE lAEHBADS. 

BY 

G. N. EANGASWAMI AYYANGAR, B.A., 

Millets Speoialisi, AgricuUmal Research InslUuie, Coimbatore, 

P. KRISHNA RAO, L.Ao., 

iiiro 

U. AOHYUTHA WARIAR, B.So. (Ag,), 

AssistarUs, Millet Breeding Station, Coimbatore. 

(Eeceired for publication on 6tli Marob. 1933) 

(With Plate LXXXI) 

In a previous article [Kangaswami Ayyangar 1932] tlie occurrence and 
inheritance of the three earhead shapes in this millet, viz,, ' top-curved ^ ‘ in-curved ^ 
and ' open V have been dealt with in eaotenso. It was noticed that a factor for density 
(Q) was present in the curved type and absent in the open type. The ‘ top-curved ' 
type differed from the ‘ in-curved " in having a factor E which connoted an elongated 
rachis. In > this scheme of grouping, classification and explanation of genetic 
behaviour the starting point was the ‘in-curved ' type, the commonest shape of 
earhead met with. 

At the time the above details were being worked out, there w^ere a few races 
of grown at the Millet Breeding Station which owing to the intensity of the 
curving appeared roundish, giving the earhead with its compactly ‘ in-curved " fingers 
a ‘ fist-like ^ appearance. Such heads were called ‘ fist-like " heads. Some of the 
vernacular names of this type of earhead are descriptive of this kind of extreme 
packing. Owing to the paucity of this type of earhead which is not so common in 
cultivation as the ordinary ‘ in-curved V it was thought desirable to defer writing 
about its occurrence and inheritance until more races were forthcoming and wider 
experience gained. 

Eist-like earheads, as has been stated, are characterised by extreme packing. 
There is practically no central hollow. The number of spikelets per finger is about 
, 73, the average of 16 races through many seasons. This spikelet number is about 
the general average for mgi, TV^hat contributes to this extreme packing is a reduc- 
tion in the length of the rachis, it being 3-6 cm. in length as against the 4-7 cm. of 
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the ‘ in-curVeds The average number of spikelets per centimetre length is 14'8 as 
against the 11’8 of the ‘ in-curveds In spite of this crowding there is the usual 
tendency for the tops to be a bit more crowded than the average for the finger. 

Segregations between ‘ in-curved ’ and ‘ fist-like ’ earheads have been met with 
in the following family (Table I). The table has not been burdened with details of 
finger length which have been recorded for every one of the plants, similar to those 
presented in the previous article. 

Table L 


Family E. 0. 925. 



All the recessive ‘ fist-like ’ selections bred pure in aU the generations. Ex- 
treme care was necessary in the selection of seed material, as the character could 
be definitely determined only at its optimum manifestation which lasted for a very 
short period of the life of the crop. 

From the above table it will be obvious that the ‘ fist-like ’ earhead with its 
packing and curving has the Q factor in common with the ‘ in-cuiveds Its in- 
dividuality has therefore to be sought in some expression of the E factor deter- 
mining rachis length. That a ‘ fist-like ’ earhead is a simple recessive to ‘ in-curv- 
ed’ shows a monogenic difference between the two. This difference must be in- 
dependent of the difference between ‘ in-curved ’ and ‘ top-curved The necessity, 
for two B Factors, Ej and Eg, is thus indicated. The families segregating for 
‘ top-curved ‘ in-curved ’ and ‘ open ’, recorded in the previous article, must have 
been pure for one of the E factors. 

In the course of the examination of the ‘ fist-like ’ races a natural cross with 
‘ top-curved ’ fingers was noticed in a ‘ fist-like ’ population, and advantage was 
taken of this to pursue the inter-relationship between the curveds. The history of 
family E. C. 1337 is presented below . 
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P' 


Family B. 0.1337. 



Genera- 

tion 

Family Ho. 

Parental 

character 

Progeny behaviour 

H 

H| 

[n-curved 

Fist-like 

Open 

1928 

S’. 


E; 0.1337 

Pop-eurved 

99 

61 

13 

60 



E. 0. 

1337/20 B 

0. 1680 

Top-curved 

63 

27 

7 

, 27 ' : ' 

; , 


»» 

1337/27 

„ 1687 

99 

71 

36 

10 

37 



>r 

1337/29 

„ 1689 

99 

71 

38 

13 

37 

- , , . ■ 



1337/10 

„ 1670 

99 

71 

41 

10 


"1 , 


>> 

1337/4 

„ 1664 

99 

89 

23 


23 

; 1 



1337/5 

„ 1665 

99 

103 

11 

... 

36 

M 


>» 

X337/6 

„ 1666 

99 

65 

12 

... 

19 



» 

1337/7 

„ 1667 

99 

60 

18 


22 

■ 


»» 

1337/15 

„ 1675 

99 

84 

19 


26 

] ^ '* 


>» 

1337/17 

„ 1677 

99 

60 

16 


25 

i . ■ ■ 



im/22 

„ 1682 

99 

76 

23 


34 

j 


9* 

1337/28 

„ 1688 

99 

103 

31 


43 

•! 


»> 

1337/11 

» 1671 

99 

43 

26 

... 

.. 

.i 

1 


»> 

1337/19 

,,1679 

99 

66 

27 


... 

i 


» 

1337/21 

„ 1681 

99 

69 

28 

, ... 

' ■ **• 

1 


f» 

1337/26 

„ 1686 

99 

90 

37 



1 ' ’ 


99 

1337/9 

„ 1669 

99 

86 

' 


31 

fe; i' ! 


99 

1337/13 

„ 1673 

99 

75 



28 



99 

1337/16 

„ 1676 

9* 

65 

■ . 

... 

26 




99 

1337/30 

„ 1690 

. 99 / 

133 

. 

... 

38 


.f|i V ;. 


99 

1337/1 

„ 1661 

99 

pure 



... 


li/': 


99 

1337/2 

„ 3662 

99 

99 



... 


/'I • ’ ' ’ r" “ > 

^ -rHf, 

99 

1337/8 

„ 1668 

, . 9» . 

ft 

1 
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Table I—eonld. 


Genera* 

tion 

Family Ho. 

Parental 

charac- 

ter 

Progeny behaviour 

top- 

oavred 

In- 

curved 

Fist- ■ : 
like 

Open 

Pa- 

1 . 0 . 

1337/ 3 1. 0. 1663 

In-curved 


77 

23 

51 

cantrip 












1337/18 

»• 

1678 

9f 

•• 

48 

8 

20 


>» 

1337/24 


1084 

99 

■ •• '■ 

68 

11 

36 



1337/26 

»» 

1686 

99 


44 

13 

20 


*» 

1337/42 


1692 

99 


79 

21 

36 



1337/44 


1694 

99 

• • 

74 

19 

33 


»» 

1337/61 

»» 

1701 



51 

■It. 

36 


»» 

1337/14 


1674 

99 

.. 

76 

' 'i$ ' 



if 

1337/45 


1696 

99 


103 

32 



if 

1337/46 

>» 

1696 

** 


78 

27 



t> 

1337/47 

99 

1697 

99 

.. 

61 

18 

.. 


If 

1337/66 

9* 

1703 

** 


53 

12 

.. 


9* 

1337/12 

99 

1672 

99 


46 


20 


» 

1337/41 

»> 

1691 

99 


77 


34 



1337/23 

>» 

1683 

99 


pure 




»» 

1337/43 

»> 

1693 

99 


99 




»* 

1337/48 

99 

1698 

99 


99 

• • 



99 

1337/49 

99 

1699 

99 


90 

« • 



99 

1337/60 

99 

1700 

99 


99 




99 

1337/62 

9* 

1702 

99 


99 




99 

1337/67 

99 

1706 

Fist-like 

• • 

.. 

69 

32 


99 

1337/66 

99 

1704 

99 

.. 

' •• 

pure 



99 

1337/68 

99 

1706 

99 

•• 





An examination of the 46 families of tlie third generation ia the above table 
reveals beyond doubt the existence of two factors determining rachis length, viz., 
El and Eg. Either of these two gives an ‘ in-curved When neither is present the 
earhead is ‘ fist-like When both are present the earhead is ‘ top-curved It is 
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needless to add that all the above have the Q factor, and that in its absence the 
earheads are ‘ open ’ and range themselves into the corresponding ‘long opens’, 
‘ short opens ’, and ‘ very short opens ’ (Plate LXXXI). On this factorial basis 
the third generation should consist of the following, their genetic constitutions 
and expected ratios being as follows 


Table III. 

Interplay of factors Q, and E^. 


Progeny ratio 


Generation 


Genetic constitution eSSon" Top- 


QqEiejEaea . 


Top>cnrved 

QqEieiEgOsi . 


Top-curved 

Qq^EjeiEaBa . 



QqEjEjEaeg . 


C 

QQEjeiE^ea . 


>»' ■ 

QqExEjj ^2^2 

* * 

» 

QQEiOiEaEg. 

# * 

) 

QQEjE]tE202 . 

• • 

S ” 

QQE 1 E 1 E 2 E 2 


9> 

QqEjeieae^ . 

QqejOiEaeg • 

QqEiEiOaea . 


1 In-curved 

1 ■■ 

QQ®1®1®2®2 • 


? 

QQejejE202 » 


5 ” 

QQEj|^Ej^e362 * 

QQejOiEj^j • 


1 


# , • ■ 

Eist-like 








PLATE LXXXI. 



Long open Short open Very short open 

ELEUSINM COMAOANA (GAERTK.)~-EARHEAD SHAPES. 


Top-curved 


Incurved 


Fist-like 
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Table III — wM. 


Generation 


Genetic constitution 


Phenotypic 

expression 


Progeny ratio 


Pop* 

curved 


In- 

curved 


Mst-like 


Open 


q^EiOilaea . 

qqEieiEjB, . 
qqEiljEgeg . 
qqEiEtBaB, . 

iq-BiWa • 

qqEiEieiBa . 
qq%eiBijej . 
qqejejE^i • 
qqe,eie,ej 


It is remarkable that all the above segregations have been met with in the ex- 
pected manner in family E. 0. 1337. 

To put these phenomena to a final test, an artificial cross between a ‘ very short 
open ' (the new type of ‘ open allelomorphic to ‘ fist-like ’ earheads) and a ‘ top- 
curved ’was made in Gross No. GOXXVIII and the first generation was a ‘ top- 
curved which in the second generation segregated into 200 ‘ top-curved 104 ‘ in- 
curved 22 ‘ fiat-like and 97 ‘ opens ’ of varying length, a good 27 : 18 : 3 : 16 ratio. 

Extracted types in all the six groups (3 ‘ curveds ’ and 3 / opns ’ fromE. 0. 
1337) have been carried forward and the measurMuents of finger length in a popular 
tion of 200 in each is given below. 

Table IV. 

Finger length measurements of genetic groups of earheads. 
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Ttie indepeudanoe of the factors determiaiag paaicle shape from those res- 
ponsible for plant purple pigmentation has been recorded in Table VI of the previ- 
ous paper on earhead shapes. 

Even with the elaboration of the E factor into and Eg, the above independ- 
ence has been maintained, P and E factors (I or 2) giving a simple dihybrid ratio 
(E. 0.926). 


FamUy E. C. 925. 



The relation of Q and E factors determining panicle shape have been worked in 
conjunction with Os factor determining the depth of green in the unripe pericarp. 
The following family proves that they are independent. 


Family E. G. 2414. 



Top-curved 

In^eurved 

Fist-like 

Open 


Green 

Light 

greea 

Green 

Light 

green 

Green 

Light 

green 

Green 

Light 

green 


152 

48 

82 

22 

17 

5 

75 

22 

Expected ratio 

81 

27 

54 1 

18 

9 

8 

48 

16 


They have also been worked with the B factors for grain colours and found to 
be similarly independent. 

In the case of the brown grain of this millet its factorial composition could not 
be resolved in its entirety, till the comparatively minor race of white grains crossed 
with the more common brown grains [Kangaswami Ayyangar, et al, 1931]. 

. ; Similarly through crosses with the comparatively rare ‘ fist-like ’ races, the E factor 
has been enabled to be resolved into Bj and Eg. The ‘ fist-like’ earhead while it has 
a compact and economic build has possibly its geographical and climatic limitations 
; i different from the environmental factors determining the distribution of open-headed 
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varieties, and it is ttetefore no wonder that the ‘top-cnrved’ and ‘ in- curved 
which represent a happy mean, are widely represented in the common varieties of 
this millet. 


StJM]UAKY. 

The earheads of mpf vary in their length. Two factors Ej and E2 determine 
this elongation. Either of them gives a ‘ short ’ length, both give a ‘ long ’ length. 
When neither is present a ‘ very short ’ length is obtained. 

A factor Q determining the density of disposition of spikelet per centimetre 
length results in a crowding and consequent curving of the earheads, leading to the 
three types of curved earheads, me., ‘ top-curved ‘ in-curved and ‘ fist-like ’. The 
number of spikelets in the earheads of res^i being about equal, such crowding 
naturally reacts on length. In the absence of Q the corresponding ‘opens ' are 
‘ long open V ‘ short open ’ and ‘ very short open 

Factors Q, Ej and E2 are independent of P, Ij and Ig (plant purple 
pigmentation), Bj, Bg and S (grain colour), and Ch (unripe pericarp colour) 
factors. 


EEFEBENCSB. 

Rangaswami Ayyangar, G. N., Evishna Rao, P. and Aobyutha Wariar, U. (1931). Ind. J . Agric, 

Soi. 1, 538-63. 
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INHERITANCE OE OHARACTEES IN RAGI, ELEUSINE GORA- 
GANA (GAERTN.).— THE FINGER MILLET. 

PAST Vm.— EAEHEAD COLOUR EAOTOR8. 

BY 

G. K BANGASWAMl AYYANGAR, B.A., 

Millets Specialist, Agricultural Research InsHtute, 

U. ACHYUTHA WARIAR, B.So. (Ag.) 

AND 

a. RAMABHADRAN, B.So. (Ag.), 

Assistants, MiUet Breeding Station, Goimhatore. 

(Received for publication on 27th March 1933) 

In a previotis article [Rangaswami Ayyangar and Krislina Rao, 1931] tlitee 
major types in purple pigmented plants have been described and their inheritance 
worked out. It was then indicated that there were other variations under further 
study. It is needless to stress the fact that the identification of the various 
types is a necessary preliminary in aU selection, classification and hybridiza- 
tion schemes. This article describes a fourth type, designated “medium 
purple”. 

In this type of plant the earhead is coloured light similar to the head in the 
dilute purple. It differs from the dilute purple in having its body pigmentation 
as good as in the common purple. The status of this in the pigmented group is 
midway between purple and dilute purple. 

That there could be a separation in the manifestation of purple pigmentation 
on the earhead on one side and in the plant body on the other was evident from 
the localized purple already dealt with. It was then thought that it could be an 
extreme case of dilution, a degree one gene removed from the dilute purple. 

The occurrence of this new type, medium purple, clearly indicates that there 
is a definite difference between the factors responsible for purple pigmentation 
in general and its dilution, as opposed to its definite localization. 

Definite factors seem to be responsible for the depth of manifestation of 
purple pigmentation on the earhead. These have been found to be two in number 
and are designated and Hj. In the types of earheads whose inheritance has 
already been recorded, all of them seem to have been pure for one or both of 
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The gathering togetlier of varions types oi ragi brings into the collection 
different genetic types, one of which, ®i«., E. C. 141, is primarily responsible for 
bringing out the existence of a second H factor. This E. 0. 141 is one of the 
minority groups of ‘ fist-like ’ earheads and its dwarf nature and build afforded 
little opportunitiea for noticing the fact that, whereas the pigmentation of its 
vegetative parts was of the normal type of purple, that on the earhead was of the 
dilute type. This fact was not noticed until a natural cross occurred in it, which, 
when carried forward, segregated into earheads of two depths of purple. The new 
type of pigmentation with good vegetative purple and dilute earhead purple was 
thus noticed and in due course the extracted recessive was fixed in E. 0. 1810 and 
kept going as a new type ‘ medium purple ’. 

To determine the affinities between this new type, ‘ medium purple ’, and the 
other three types, purple, dilute purple and localized purple, cross^ were made 
and carried through three generations. All the segregations met with between this 
medium purple and the other three types are summarised below. 


Table I. 

Purple and medium purple (3 : 1). 


Family No. j 

Purple 

Medium purple 

1.0.1804 

• 



• * 




84 

28 

B.0.ia05 




. .■> 


♦ . « 


86 

30 

110.1808 



' . 



• • 


129 

41 

E. 0.2352 

' « 


♦ 

• ■ 


« 4 


194 

63 

E* 0. 2358 








171 

69 

E.C.2350 

• . 

* ' 






181 

66 

E. 0, 2368 


' « 





• 

145 

49 

E. 0, 2369 








156 

66 

% 0. 2371 


4 






176 

48 

E. 0. 2372 








122 

■ 37' ■ 

E. 0. 2380 








168 

m 

E. 0. 2382 




'# * 




166 

66 

E. 0. 2383 




'■ ♦ • 




166 

'■ m 

E, 0. 2386 

* 




• 

■ .. ■ 

• 

200 

m 









2,132 

716 
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Tte difi'ererice between ‘ purple ’ and ‘ medinm purple ' as evidenced frcm the 
aboA'e is monogenic, ‘medium piiiple’ being recessive. 

In the following segregations, the cligenic nature of the difference in the dejith 
of pigmentation in the earhead in evident : — 

Table II. 


Purple and medium purple (15 : 1). 


Family Ho. 


Purple 

Medium purple 

E. 0.2237 . 

. / 

229 

" 16'- : ^ 

E,:o.223s: '; . ■ .. . 

• 

261 

. :i4 

1. 0. 2a67 . . 


145 

" y 

1.0.2370 . 


. 198 

13 

1. 0. 2375 . . 


159 

11 

1, 0. 2379 ... 


224 

15 

1. 0. 2384 . 


163 

13 



1,373 

91 


It will be obvious that two factors Hj and Hg are, as stated above, responsible 
either alone or together for the depth of manifestation of purple pigmentation in 
the glumes of the fogfi earhead. The slight increase in depth in their concurrent 
presence is so imperceptible that it is not easily separable from a single H manifesta- 
tion. 

‘ Medium purple’ behaves as a simple dominant to ‘ dilute purple ’ as wiH be seen 
from the following table 

Table III. 


Medium purple and dilute purple. 
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This is simply the dilution factor at work, diluting the body pigment. These 
dilute purples have no H factor. 

' Medium purple ’ behaves as a simple dominant to ‘ localized purple ' as the 
following families show 

Table IV. 

Medium purple and localized purple. 

Family No. Medimn purple Localized puti^le 

K C. 2363 . . . . ; 137 30 

E.G.2365 . . . . . 199 55 

E. C. 2366 . . . . • 159 55 

495 140 

The ' localized purples ’ of this table lack H factors. 

Crosses have been designed between suitable parents bringing together / medium 
purple ’ on the one hand and the dililte or localized purple with the H factor 
(recessives to purples) on the other with the resultant plants having ordinary 
purple glumes and the Fg giving the expected 9 : 3 : 4 ratios (Tables V and VI). 

Table V. 

Medium purph X dilute purple {with H). 

Fj Purple 

Fa Purple Medium purpie PEule purple 


E. 0.2400 . . , • . . 150 45 56 














1084 


INDUN JO0KNAI< OF AGEICTOTUKAL SCIENOE 


[HI, VI. 


Table VI. 


Medivm purple X heaUeed purple {with E). 




E. 0.2236 
E. 0. 2363 
E. 0.2367 


Purple 

Purple 

Medium purple 

Localized purple 

166 

36 

66 

177 

65 

81 

170 

63 

' ■ 79 

603 

164 

213 


The above tables go to show that the H factor should have come in through 
the dilute purple and localized purple parents, only, in these cases the H factor 
lacked expression in the general dilution and localization, whittling down a good 
show of colour in general, in these light coloured earheads. 

An attempt was made to single out a type, w., E. C. 106, a localized purple 
whose glumes were a shade deeper than the rest of localized purples and cross it 
on to a medium purple. The proved a purple and the Eg segregated into the 
broad groups purple and localized purple, the purples being separable with 
difficulty into purple and medium purples indicative of a rough 15 : 1 ratio. This 
experience shows that one of the possible effects of an Hj, presence in dilute 
purples and localized purples is a slight deepening of the tint of the pulled-down 
purple, characteristic of the earhead in these two groups. 

This point is mentioned as showing the possibilities of a sub-grouping under 
the major genetic groups, but the difficulty of constant and clear-cut phenotypic 
expression makes the pursuit of this clue a difficult proposition. 


Summary, 

Two factors Hi and Hj determine depth of manifestation of purple pigmenta- 
tion in the glumes of the ragi earhead. These may be operative either alone or 
together. 

Their effect in the absence of one or both the I factors is negligible, 

BEPERENOB. 

Bangaswami Ayyangar, Q. N. and Krishna Rao, P. (1931), Ind. J. Agrie. Sait 1 , 434, 



A SIMPLE METHOD FOE THE FOEEOAST 'OF EMERGENCE 
OF LAC LAEVJl, AND A DESCRIPTION OF THE 
MYOLOGY OF THE ADULT FEMALE LAO INSECT, 
LACGIFER LAQGA KERR. (COCCID.^). 

BY 

P. S. Niai, M.Sc., 

Assistant Entomologist, Indian Lac EeseareTi Institute, Namhum. 

(Boeeiyed for publication on 22nJ llano 1933) 

(With Plates LXXXII and LXXXm) 

In lac cultivation the judgment of the state of maturity of the lac crop and 
of the date of emergence of lac larvaj is a matter of great importance. The early 
removal of the crop from the trees does not allow the females to get full nourish- 
ment and therefore, without food, the vitality of the females goes down consider- 
ably, with the result that each individual female is rendered almost unfit for the 
delivery of hundreds of eggs. Cutting off the food supply of the females hy the 
early removal of the crop from the trees also indirectly weakens the developing 
embryos and, therefore, the few eggs that are laid by such females die a premature 
death. On the other hand if the crop is removed from the trees when the emer- 
gence of larvse actually starts in the crop, there may not be time to harvest the 
crop and infect the new trees with the selected brood lac, before a large number 
of larvffl have swarmed out and died for want of food, this would naturally lead to 
a poor future crop. 

The ryot cultivator, specially in Bihar and Orissa, is to some extent able to 
forecast the date on which the lac larvae will swarm fairly accurately, by the yellow 
appearance of the lac incrustation, but the ryot is unaware of the real nature of 
this appearance of the lac incrustation and often has to rely on long experience in 
lac cultivation to make a fairly accurate guess. To solve this important difficulty, 
Misra [1928] evolved a method of forecasting the emergence of laciarv®. This 
method is based on the ovarian development. The method though scientific and 
most up-to-date has three drawbacks : — 

(1) It requires the use of the microscope which in Misra’s own words is 

“ beyond the reach of an ordinary grower 

(2) It gives accurate forecasts for the emergence of lac larvss from the EatM 

(July-November), BaisahM (November- July), and »7etXM>i(February- 
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July) crops but not from tbe Aghmi (July-February) crops. Because 
due to low and fluctuating temperatures tbe ovarian development in 
the Aghani crops is not steady and does not accurately correlate with 
periods given for the emergence of lac larvae — -in explanation of his 
Plate XI. 

(3) The figure 9 of Plate XI of his bulletin which shows the shape of embryos 
8 to 12 days before the emergence of larv® is readily recognisable, but 
the next figure (10) which represents the shape of the embryos in 
the ovary 6 days before the emergence of larvae is not easy to recog- 
nise. Moreover, in the majority of females of every crop eggs are 
delivered in the incubating chamber at this time and as Misra has not 
recorded this fact a lay examiner of the ovary in the absence of this 
statement might be confused by the presence of eggs and larvae in the 
incubating chamber outside the body of the insect and the presence 
of '^embryos in the ovary. 

It is these last 8 to 12 days which are important as harvesting the crop within 
this period would be beneficial, and, therefore, the most useful system of forecast 
of emergence would be the one which is not expensive and gives reliable and easily 
recognisable stages within this period. 

In view of the above necessity investigation of the lac incrustation and the 
working of the perivaginal glands was taken up in 1927 and a method of forecast 
has been evolved which overcomes the dfficulties of Misra* s method and can be 
followed by a cultivator even with the naked eye, though a magnifying glass 
magnifying 4 to 6 times is a useful aid. 

This method of forecasting the emergence of lac larvae is based on the appear- 
ance of a yellow spot (Plate LXXXII) due to muscular contraction of the female 
lac insect as summarised by Negi [1929] under mechanism of emergence of larvae, 
and under perivaginal glands and forecast of emergence in the Annual Eeports 
(1928-29, 1929-30 and 1930-31) of the Indian Lac Eesearch Institute. A prelimi- 
nary summary of these observations and results is published by G-lover [1931]. 

To understand the details and mechanism of this method of forecast of emer- 
gence, it is necessary to describe first the myology of the female lac insect and the 
general appearance and position of the perivaginal glands. 

Myology AND perivaginal glands oe the adult female lag insect. 

Myohgy. 

, The musculature of the adult female lac insect due to its fixed habit of life in 
a resinous test is greatly modifiied. Misra [1928] has figured the musculature but 
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tas not described it. Negi [1929] described and figured only the tergo-steiml and 
posterior sternal muscles which are most relevant to the deposition of egp and 
emergence of larvae. Misra [1930, 1931] has to some extent d^cribed and 
figured the museiilature. But these descriptions and figures do not meet the purpose 
of this paper and, therefore, a brief description of the muscular system and illustra- 
tion of the changes it undergoes during the period of egg-laying and the emergence 
of larvse from the lac test is given. 

Negi in a paper The Alimentary Canal, its Appendages, Salivary Glands and 
the Bfervouis System of the Adult Female Lao Insect under publication has stated 
that the lac females assume two shapes, one circular and the other pyriform. 
Whatever be the shape of the female, the number of the tergo-sternal, sternal and 
tergal muscles remains the same and only the angle of attachment of the te:i^d- 
sternal muscles from the dorsal to the ventral body wall changes (Plate IjXXXIII, 
figs. 17a, 26). 

Tergo-sUmal muschs. --There arise six bands of anterior tergo-Bternal inusoles 
(Plate LXXXIII, figs. 17a, 25 ; a. t. s. m.) from below the posterior end of the 
brachia of either v«ide and in circular females they are symmetrically attached a little 
behind the mouth parts close to the posterior end of the first sternal, the 
second sternal and the anterior end of the third sternal muscles (Plate LXXXIII, 
fig. 17a ; a. t. s. m.). But in the pyriform females, the insertion of the anterior 
tergo-sternal muscles to the ventral body wall being at an acute angle, the first 
sternal muscle is practically not covered by them (Plate LXXXIII, fig. 26). From 
the posterior end of the pedicel of the dorsal spine (Plate LXXXIII, fig. 25 ; 
d. s.) on either side arise three bands of posterior tergo-sternal muscles. The 
anterior two (p. t. s. m. 1, 2) are symmetrically attached immediately outer to 
the junctions of the fifth and sixth sternal muscles. The third band of the 
posterior tergo-sternal muscles (p. t. s. m. 3) of either side is attached a little iti 
front of the anal tubercle at a distance from the sixth sternal muscles. The fourth 
tergo-sternal muscles (p. t. s. m. 4) of either side consists of two or more than two 
bands and originate from in front of the anal tubercle and partly lie on the ventral 
body wall outside and parallel to the seventh sternal muscles which are situated on 
either side of the vaginal opening (birth pore b. p,). 

Sternal muscles , — There are eight sets of sternal muscles. They lie on the ventral 
body wall and extend from a little behind the mouth parts and end in the anal 
tubercle (Plate LXXXIII, fig. 25 ; s, m. 1-8). The first set of the sternal muscles 
generally consists of four bands and the remaining of six to eight bands. The fifth 
sternal muscles are the longest. 

Tergal muscles , — In the adult female only a few tergal muscles are present. 
Four bands of tergal muscles run into the anal tubercle, and f our bands (Plate 
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LXXXIII, figs. 25, 266, t. m.) extend on eitfier side from the base of the anal 
tubercle to a level with the origin of posterior tergo-sternal muscles. A band of 
brachiar muscles from between the anterior end of the brachial plate and a 
mmber of them (brm) fiDm the posterior end of the brachium of each side run 
to the spiracle. A number of closely set spiracular muscle bands (spm) run from 
the posterior to the anterior end of the spk^ 

Perivaginal glands,--Oii either side in front , of the anal tubercle an oblique row 
of the perivaginal glands (Plate LXXXIII, fig. 25, p. v. g.) is situated on the 
ventral body wall. In each row, there are 8-12 clusters of glands and each 
cluster opens out by pores (Plate LXXXIII, fig. 26a ; p. v. p.) which present a 
honeycombed appearance. The histology and other details of these glands are 
out of the scope of the paper. But, it is necessary to repeat the statement made 
by Negi. as regards L. fecoa [1929] that these glands deposit wax filaments into the 
incubating chamber beneath them and [1928-29] that the beginning of the egg- 
laying period in a female lac insect has a close relationship to the wax producing 
activity of these glands. 

Yellow AREA and its relation to the muscular contraction op the 

FEMALE LAC INSECT AND ITS PERIVAGINAL GLANDS. 

Usually at the base of anal tuberenlar on the posterior side of a nearly fully deve- 
loped individual lac test is found a small deep yellow spot (Plate LXXXII, fig. 1, 
and Plate LXXXIII, fig. .17 ; y. a.). This is so, because the body of the lac insect 
which is dark crimson in colour is slightly apart from the translucent orange 
lac test of a full grown female at this place. When the female is Ml grown 
and the time for uviposition nears, the anterior and posterior tergo-sternal muscles 
(Plate LXXXXIII, fig. 17a ; a. t. s.m., p. t. s. m. 1-4) contract a little and the 
ventral body wall at the place of their attachment is drawn towards the dorsal 
(Plate LXXXIII, fig. 18a), and the female in the rcvsinous test if exposed at the 
posterior end would look as in Plate LXXXIII, fig. 18, and the deep yellow area 
increases as shown in Plate LXXXII, fig. 2. The yellow area caused ventrally 
by the contraction of the anterior tergo-sternal muscles is not visible either in the 
posterior or side view. The next contraction in the tergo-sternal muscles (Plate 
LXXXIII, fig, 19a) leads to a bend in the fifth sternal muscle (s. m. 6) and to a 
Eurther increase in the deep yellow area (Plate LXXXII, fig. 3). The posterior 
part of the female assumes the shape shown in Plate LXXXIII, fig. 19, The 
third contraction of the tergo-sternal muscles _ leads to a further bend in the 
fifth sternal muscle (Plate LXXXIII, fig. 20a) and an increase in the yellow 
area (Plate XXXII, fig, 4) and the female inside the cell assumed the form shown 
in Plate LXXXIII, fig. 20. It. will be seen that, the deep yellow area has now 
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lightened to yellow in this stage, due to the fact that the perivaginal glands have 
begun to secrete the white wax filaments and the female starts to lay eggs 
(Plate LXXXII, fig. 4a ; e., w. f.}. In the fourth contraction the tergo stemal 
muscles (Plate LXXXIII, fig. 21a) make the female look as in Plate LXXXIII, 
fig* 21 and, due to a further deposition of eggs, secretion of more wax filaments 
by the perivaginal glands and the accumulation of the empty egg cases and the 
larvae in the yellow area makes it look bright yellow and increased in size as shown 
in Plate LXXXII, fig. 5. The tergo-sternal muscles (Plate LXXXIll, fig. 22<») 
continue contracting with the result that the fifth sternal muscle (s. m. 6) 
becomes doubly bent upon itself and becomes S-shaped, this leads to a partial with- 
drawal of the anal tubercle from the anal tubercular opening of the test and for- 
mation of a' passage between the anal tubercular opening and the incubating 
chamber. The female in the test assumes the shape shown in Plate LXXXIII, 
fig. 22, and the bright yellow area as in Plate LXXXII, figs. 6-7. The succeeding 
contractions in the tergo-stemal muscles alter the shape of the female and the 
angle of their attachment to the ventral and dorsal body wall so much that the 
fifth sternal muscle is straightened (Plate LXXXIII, fig. 23a ;s. m. 5) and the 
anal tubercle is completely withdrawn from the anal tubercular opening (anal 
orifice) in the lac test ; and the female in the test looks as in Plate LXXXIII, 
fig. 23, and the bright yellow area as in Plate LXXXII, fig, 8, The contractions in 
the tergo-sternal muscles (Plate LXXXIII, fig. 24a) and the subsequent increase 
in the bright yellow area (Plate LXXXII, figs. 9-10) continue till the female is 
reduced to a what inight be described as a lining to the anterior half of its test 
(Plate LXXXIII, fig 24) and the bright yellow area has assumed the shape shown 
in Plate LXXXII, fig. 10 ; and if a ceil is opened at this stage it will be found 
to contain the powdered wax filaments, empty egg cases and some dead and 
a few living larva (Plate LXXXII, fig. 10a). 

Forecast oe emergence oe lao larvas. 

Having described above the musculature and perivaginal glands of. the female 
insect and their import on the method of forecast of emergence, a brief description 
of the manner in which the method is to be followed is given below. 

General signs of crop maturity may be judged by the foUowing three tests : — 

i. Granular afpearance of the embryos If a female cell is crushed between tlie 
fingers, the developing embryos in the ovary look granular about 3-4 weeks 
before the emergence of larva in the KatM (July-November), Baisakhi (Novem- 
ber-July) and Jethwi (February- July) and Aghani (July-February) crop. The 
embryos become more and more prominent as the time for swarming nears^ 
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2. Appearance of cracks in (he lac incrustation begins 

to crack about 2-3 weeks betore swarming in tbe Kathi, Baisakhi and JetJiwi crops 
and about 4-B weeks in the . 

Appearance of (he incrustation and its peeling from the host . — ^In all the crops 
the incrustation presents a drier appearance about two weeks before the emergence 
of larvsB is due and it can be peeled ofi from the host twig with a greater ease. 


' Accurate forecast of emergence of larooe by examination of the 

oi ange yellow area in the female test. 

However the growth of the yellow orange spot in the female test is the only 
index which enables one to forecast accurately the dates of emergence of larvse in 
all the crops, provided the day temperature does not fall below 20°C. (68°F.). ' 
Because the female ceases to lay eggs if the temperature either at the advent of 
or during the oviposition period falls below 17°C. (62‘6°F.), and the larvse do not 
come out of the lac test if the temperature is below 20°C. {68°F.) [Negi, Misra and 
Gupta, 1931 ; and Glover, Hegi, Misra and Gupta, 1932]. The low temperature 
contingency, however, presents itself only during the Aghani ( July-Febiuary) crops. 

On the dorsal surface of every lac test there are three holes from which white 
wax filaments project. These holes are situated in a manner that they form from 
an isosceles to an equilateral triangle (Plate LXXX.II, fig. 1). Two out of these 
three holes called the brachial openings (hr. op) are subequal in size and do not look 
like holes with the naked eye but wax filaments are seen protruding from them. 
The third hole the anal tubercular opening (Plate LXXXII, fig. 1 ; an. t. op.) is 
much bigger in size and prominent. A thick bunch of white filaments surrounding 
the anal setae projects from it. It is this opening which gives a clue to the 
location of the yellow spot and serves as a guide to the method of forecast of 
emergence. In order to ascertain that one is looking at the anal tubercular opening 
of an insect sufficiently healthy to lay eggs, the tube of white filaments (Plate 
LXXXni, figure 17 ; ars) should be touched with a needle. If the insect is 
healthy the touch will bring oqt at the top of the tube a drop of liquid excreta 
called the ‘honeydew’. If the drop of the ‘ honeydew ’ is not forthcoming from 
the anal tubercle even after repeated touches then the anal tubercular opening of 
another test should be sought and the test repeated in order to be sure that 
one is looking at the anal tubercular opening of a ceU which is capable of laying 
eggs. Now, if the anal tubercular opening is taken as the apex of the triangle 
referred to above, the brachial openings will be found to form the base of the 
triangle. 
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The bracMal openings are situated towards the anterior end, and the growth of 
the yellow area tabes place only up to them. 

The relative position of the three apertures and the yellow area on the test of 
an insect even in thick inernstation is more easily spotted if one gets experience 
by beginning ohservations on the isolated growing or less coalesced cells. 
And in every crop isolated or less coal 3sced cells should be preferred to forecast the 
emergence. They are found in abundance in the JSaisaM?, and also in the 

JetJiwi md Aghani crops grown on host plants other than kusnm {S. tfijtfga)^ Even 
m husum, such cells can be picked out after a little search. The cell should always 
be examined from the posterior side. 

Having decided upon suitable cells the posterior end of the tests (the part of 
the test lower to the anal tubercular opening) should be freed frem the coating of 
dust or fungus by a gentle rub of a finger and a deep yellow spot (y.a.) immediate- 
ly below the anal tubercular opening (Plate LXXXII, fig. 1) looked for from the 
posterior side and compared to figs. 2-10 in Plate LXXXII. The yeUow area 
gradually increases first on the side posterior to anal tubercular opening and 
then on either side anterior to it till it becomes in level with the brachial openings 
and generally stops growing further. The reasons for the growth of the yellow area 
and changes in its colour have been explained in the previous pages. 

In the end it may be said that certain cells, which are either parasitised or dead 
or unhealthy, show the yellow spots resembling those illustrated for the forecast of 
emergence. It would, therefore, be better that the cells after examination are 
crushed and examined to discover whether they are healthy. Also that the S. 
trijuga lac cells (Plate LXXXII, fig. 14) due to the compact growth of resin are 
slightly different in shape than the cells growing on other host plants, therefore, 
the deep yellow spot in the 8 . trijuga 1 b.c cells is seen a little lower down on the test 
than in the cells of other broods. lu some localities in addition to the crimson lac 
insect yellow insects are found, and, due to the very similar colour of the yellow 
insect and its orange test, the yellow area on the test is not noticed easily and 
therefore a more careful observation is necessary. 

To forecast the emergence of larvae in a crop (Plate LXXXII) and its explana- 
tion should be used in conjunction with Table II. All the lac cells even on the 
same twig are not found in the same stage of development, therefore, the lac crops 
as stated in the foot notes of Table II and especially the portion of the crops to be 
used as brood lac for the next infection should not be removed from the trees before 
a few cells at least have reached stage 4 or 6 on Plate LXXXII ; by doing so, 
most of the cells in the crops will have reached the stages when the vitality of the 
majority of the insects and their young will not be affected. 
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This method of forecast of emergence was put to repeated tests and the results 
of such tests compiled in Table I will show that it gives fairly accurate forecasts. 

I wish to express my thanks to Mr. P, M. Glover, the Entomologist at the 
Institute, for criticisms on the draft of the paper and to Mr. E. Heber, the Artist, for 
drawing the illustrations accompanying it. 

Table I. 


Determination 0/ larml emergence on development of yellow spot. 


Crop 

Specimen 

Date of 
examina- 
tion 

Reference 

Date of emergence 
according to 

Actual date 
of 

emergence 

‘No. 

-figure 

examination of yellow 
area 

Kafki 

(July-Kov*) . . 





13th Oct. 

1 

3rd Oct. 

2 i 

9th-16th Oct. 

. 2 

ethOot. 

' 2-1 

12th-18th Oct. 

17th Oct. 


3 

9tli Oct. 

3 

13th-16th Oct. 

13th Oct. 


4 

lOfch Oct. 

3 

14th-17th Oct. 

17th Oct, 


5 

26tli Oct. 

4 

30th Oct.-lst Nov. 

30th Oot. 


6 

9th Oct. 

5 

12th-13th Oct. 

13th Oct. 


7 

12th Oct. 

5 

16th-16th Oct. 

16th Oct. 


8 

13th Oct. 

6 

16th-16th Oct. 

f 6th Oct. 


9 

22nd Oct. 

8 

23rd Oct. 

23rd Oct. 

Aghmi 





31st Jan. 

(July-B'eb.) • , 

10 

19th Jan. 

2 

31st Jan.-8th Feb, 

11 

12th Jan. 

2 

24th Jan.-lst Feb. 

30th Jan. 


12 

27th Jan. 

2 

8th-16th Feb. 

8th Feb. 


13 

9th Jan. 

3 

17th-27th Jan. 

26th Jan. 


14 

27th Jan. 

4 

3rd-10th Feb. 

4th Feb. 


16 

27th Jan. 

4 

3rd-10thFeb. 

3rd Feb, 


16 

20th Jan. 

6 

23rd-27th Jan. 

24th Jan. 


17 

20th Jan. 

6 

22nd-26th Jan. 

23rd Jan, 


18 

30th Jan. 

7 

31st Jan.-lst Feb. 

31st Jan. 

BaisaJ^i 





4th July 

(Ocfc^JuIy) 

19 

24th June 

2 

29 th June-4th July 

20 

26th June 

2 

30 th June-6th July 

2nd July 


21 

27th June 

4 

30ih June- 3rd July 

30th June 


22 

30th June 

■ . 6 

2nd-3rd July 

3rd July 


23 

29 th June 

7 

30th June-lst July 

30th June 


24 

2nd July 

8 

3rd July 

3rd July 


25 

3rd July 

8 

4th July 

4 th July 

Jdktd 

(Feb-july) 

26 

27 

^th June 
24th June 

2 

„ : 2. 

29th June-6th Jjily 

29th June-6th July 

29th June 
3rd July 


28 

26 th June 

3 

296h June- 6th July 

29 th June 

^ .,'1 i V ' 

29 

29th June 

5 

lst-2nd July 

1st July 

30 

24th June 

6 

25th*27th June 

26th June 
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Table IL 


Determination of emergence of larvce from examination of the growth of the 

yellow spot 

(Plate LXXXn, figs. 2-8.) 


Crop 

Period for ©mergence 
to start from 
each stage 

Pig. 2 

Fig.S 

Fig. 4* ! 

Fig.6t; 

Fig. 6 : 

Pig. 7 

Pig. 8 

K(dU 

(July-ifov.) 

Average period in 
round numbers. 

8 

d.ays 

7 

days 

6 

days 

4 

days 

3 

dajs 

1 

day 

Within 
24 hrs. 

Common variation 

period. 

642 

I days 

4-7 

days 

4-6 

days 

3-4 

days 

2-3 

days 



AgJiani 

(July-F©b.) . . 

Average period in 
round numbers. 

16 

days 

13 

days 

9 

days 

6 

days 

4 

days 

2 

days 

[ Within 
24 hrs. 


m 

ll^ 

m 

■ 

744 

days 

34 

days 

1 2-6 , 
days 

1-2 

days 

Within 
24 hrs. 

BaisaMi 

(Nov.-July) 

and 

Jdihwi 

Average period in 
round numbersi 

7 

days 

6 

days 

4 

days 

2 

days 

2 

days 

1 

day 

Within 
24 hrs. 

(Feb.-Jnly) 

Common variation 

period. 

640 

days 

4-7 

days 

3-6 

days 

2-3 

days 

1-3 

days 

1-2 

days 



♦ The secretion of wax fllatmeata by the perivaginal grands and the deposition of eggs by the 
mother begins in this stage. And in fairly large areas the Katki, Baisahhi and Jethwi crops should be 
removed at this time. 


t The crop should be removed at this time if the weather is favourable, otherwise ia 

the next stage. 

SUMMABY. 

1. The paper describes the tergo-sternal, sternal aod tergal muscles of the full 
grown female lac insect. 

2. The relation of the tergo-sternal and sternal muscles and wax producing 
activity of the perivaginal glands to oviposition in the female is dioussed. 

3. The muscular contraction of the female insect at oviposition is shown to be 
regular and an easy system of forecast of emergence of lac larvae is described and 
illustrated. 























The system of forecast of emergence is based on the growth of the yellow area 
and changes in its colour due to the withdrawal of the insect body ftoid the orange 
coloured test, deposition of white «faX filaments by the perivaginal glands and of 
eggs by the female in the test. 

Key to lettering in PlateSi 
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Explanation oS. Plate LXXX I I . 

All figures except figure 10 magnified X 6. 

(For periods of forecast of emergence refer to Table 11.) 

Nearly full grown female lac test, yellow spot on the posterior side below the anal 
tubercular opening. 

Full grown female lac lest showing growth in the deep yellow spot towards the 
hottcm of the posterior side of the test. 

Full grown female lac test showing ihe deep yellow area spread nearly to the middle 
of the posterior side. 


Anal tuheMe 

Ansd tubercular opening 

Anal ring setae 

Anterior tergo-sternal muscles 

“Vaginal opening (biiih pore) 

Brachial muscles 
Brachial plate 
Brachial opening 
Dead larva. 

Dorsal spine 

Egg 

Female lac insect 
Larva 

Living larva 
Lac test 
Month parts 
Oral lobes 

Pedicel of dorsal spine 

Posterior tergo-sternal muscle, one to three bands 
F erivaginal glands 
Perivaginal pore cluster 
Skin 

Sternal muscles, one to eight 
Spiracle 

Spiracular muscles 
Tergal muscles 
Wax filaments 

Wax filaments and empty egg cases 
Yellow area 


1 . 


2, 


S. 


an. t . 
an. t. op 
ars 

a. t. s. in. 
h. p. . 
brm, • 
brp 

hr. op . 

d. 1. . 
n. s. . 

e. , 

fi. i. . 

1. . 

1. 1, . 

l. t. , 

m, p. , 

0.1. . 
p. d, s. 

p. i s. m. 1 

p. V, g. 
p.v.p. 

■' 

s. m. 1-S 
sp. . 
sp. m. 

t. m. . 

w. f . . 

w. f. e, c. 
y. a. . 


I'ig. 4. Full grojKB fawale lao test showing yellftw area spread almost to the bottom of the 
posterior side. The bright pr.rtion of the yellow area immediately below the 

anal tubercular opening shows that the wax filaments are being deposited by the 

■Derivaginal glands and deposition of eggs has commenced. 

4a. Full grown female lac test of fig. 4 stage opened from the posterior side to show the 
mother insect, wax filaments deposited by the perivaginal glands and the 
deposition of eggs by tie mothei*. 

, 5. Fnli grown female lac test showing the growth of the yellow area practically all 

over the posterior side behind the anal tuhercnlar opening. The lightness in the 
' colour all over the area indicates the presence of eggs and larvae in the test. 

If carefully observed the larvae can be seen moving within the test in this and 
the subsequent stages (figs. 6-9). 

, 6. Full grown female lac test shows the bright yellow area upto the anterior end of the 

anal tubercular opening on either side. If in this stage the yellow area on 

either side of the anal tubercular opening becomes in a straight line dorsally, it 

shows that without further increase in the yellow area the emergence of larvae 
will take place within 1*2 days. 

7 Full grown female lac test shows the growth of the bright yellow area advan.:ed to 

midway between the anal tuhercular opening and the brachial openings and also 

that the bright yellow area is in a straight line on either side of the test dorsally 

Anal tubercle is partially drawn in. 

8. Full grown female lao test, bright yellow area as in fig. 7, but the anal tubercle 
” completely drawn into the test. In this stage the larvm can he seen inside the 

test through the anal tubercular opening. 

9 Full grown female lac test, bright yellow area as in figs. 7 and 8, 

** ’ out of the test through the anal tubercular opening. This means the emergence 

of larvae has started in the crop. 

9a Full giwn female lac test of fig. 9 Stage opened from tho posterior sWe, shows the 

test full of eggs and larvae and the anal tubercle displaced from its usual posi- 
tion. ■ 

10. Foil grown female lac test shows the bright yeUow area on either side of the test in 
a Hue with the brachial openings indicating thereby that the emergence of 

larvae from the test has ceased. In certain cells the yellow area on either side 
of the test may develop slightly further laterally. 

10a. Female lac test of fig. 10 stage opened from the posterior side, showing the shrivelled 

luother lac insect forming a sort of lining to the anterior half of the test, the 
empty egg cases, wax filaments, some dead eggs and larvae, and a few living 
larvae which have failed to come out of the test. 

11 A nearly full grown female lac test in the early stage of parasitisation. The yellow 

” ' spots in other parts of the test in addition to the one below the anal tubercular 

opening indicate presence of young parasite grnhs in the lac cell. 

12. A chalcid larva to aid recognition of the grubs as one would genemlly find within the 
parasitised cells. 

13 A female lao test in which the mother insect has been eaten by parasite grabs except 

” ’ fm its skin. The pale yellow colour of the test aU over indicates the presence of 

mature parasitic larvae and pupae In the body of the lac insect. 
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f ig. 14 A fall grown {husum) female lao test allowing tlie shape of isolated 

humm cells and the yellow spot of the stage of fig 3. 

,, 16. A full grown female lac test of yellow variety of lac insects as found in J odhpnr on 
Ber \Z, Jujaha) and in Kashmere on Khair (A. cateohu)t e\e„, showing the yellow 
area of the stage of fig. 4. 

„ 16, A contimions incrastation on husum trijuga) twig, showing the full grown lac 
tests of different stages (dgs. 1-8) X 4. 

Bxplanation ol Plate LXXXin* 

Dpigrammatic figures illustrating the changes in the shape of the Icte insect and its musdes, due 
to contraction of muscles at the time of ompositio7i. 

Fig. 17. Lateral view of the female lac test of the stage of fig. 1, showing the vacant space 
between the lac test and the female insect below the anal tubercular opening. 
This vacant space makes the test look deep yellow below the anal tubercle in 
fig. 1. 

„ ITa. Lateral view of the female of fig. 17 stage, showing the arrangement of the tergo- 
sternal, sternal and tergal mnscles in a circular shaped female before the muscles 
conti'act for oviposition. , 

„ 18. Lateral view ol the female lac test of the stage of fig. 2, showing the increase in the 
vacant space and the shaiie of the female after the first contraction of tergo- 
sternal muscles. 

„ 18^3f. Lateral view of the female of fig. 18 stage, showing depressions medially on the 
posterior and ventral side of the insect due to contraction of muscles. 

„ 19. Lateral view of the female lac test of the stage of fig. 8, showing the increase in the 
vacant space and the shape of the female after the second contraction ol the 
tergo-sternal muscles. 

„ 19a. Lateral view of the female of fig. 19 stage showing the deepening of the depressions 
medially in the posterior and ventral side of the insect, due to contraction of 
muscles, and also the change in the shape of the muscle due to contraction. 

,, 20. Lateral view of the lac test of the stage of fig, 4, showing the increase in the vacant 
space and the shape of the female after the third contraction of tergo-sternal 
muscles. 

„ 20a. Lateral view of the female of fig. 20 stage, showing the deepening of the depres- 

sion medially on the posterior and ventral side and change in the shape of the 
muscles, due to further contraction. 

„ 21 Lateral view of the female lac test of the stage of fig. 6, showing increase in the 

vacant space and the shape of female after the fourth contraction of the tergo- 
sternal muscles. - 

„ 2la. Lateral view of the female of fig. 21 stage, showing that the depressions on the 
ventral and posterior side of the insect medially have come to lie more or 
less in a straight line, and also the change in the shape of the muscles. The 
dotted line in this and the next two figures shows the position of the lateral 
part of the body in that region. 

„ 32. Lateral view of the female lac test of the stage of fig, 7, showing increase in space 
fmA sfiupe of tl ^ femalf after sixth coptractioi^ of mi;scl^e, 
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Fig. 22i?. Lateral view of tbe female of fig. 22 stage showing furtlier oliange in shape of the 
body medially and the change in the shape of mnscles. 

„ 2B. Iiat eral view of the female lac test of the stage of fig. 9, showing increase in space 
and the shape of female after the seventh conti'action of muscles. 

„ 23a. Lateral view of the female of fig, 23 stage showing the change in the shape of 
hody and muscles. 

„ 24. Lateial view of the female lac test of the stage of fig, 10 showing that the insect 
forms only a sort of lining to the anterior half of the test. 

„ 24a. Lateral view of the female of fig. 24 stage showing the final change in the shape 
of the body of the female and its muscles. 

. „ 26. Diagrammatic representation of the mnscles and perivaginal glands of the right half 
of the body, 

,, Honeycombed pores of an individual perivaginal gland cluster, seen from the ventral 

side in a cleared specimen. 

„ 265. Tergal muscles in the anal tubercle and between it and the pedicel of dorsal spine, 

„ 26. Lateral view of the attachtrent of tergo-sternal, sternal and tergal muscles in a 
female lac insect ot pyriform shape. 
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STUDIES IN THE DBVBLOPMBNr OF THE EBMiVLE GAME- 
TOPHYTE IN SOME LEGUMINOUS CROP PLANTS 

OE INDIA. 


BA8UDEV ROY, M.Sc., 

DepOiiinn&iit of Botuny, GoilcutUi Univotsity. 

(Received £ov publication on 11th March 1933.) 

(With Plates LXXXIV-XCI) 

Investigations on the agronomy and genetics of most of the leguminous crop 
plants of India have been undertaken since the beginning of this century and 
results of great economic importance have been obtained in nmny cases. The 
morphology of these plants, however, has received scant attention. The study 
of the morphology of crop plants has, in many cases, given results of great econo- 
mic importance. A study of the morphology of the reproductive organs in parti- 
cular, enables us to determine the nature and extent of sterility in plants and helps 

us considerably in controlling seed production. 

The present investigation was undertaken primarily with the object of working 
out of the development of the ovule and embryosac in some of the leguminous crop 

plants in India of which nothing is known at present. 

Liteeatuee. 

Guignard [1881] published his paper on the morphology of about 40 species of 
the Leguminosae. His account shows that a single archesporial cell is most com- 
mon in the group ; the archesporial cell on division gives rise to a primary parietal 

cell and a megaspore mother cell ; the former may remain undivided or produce a 

tissue varying in amount ; the megaspore mother cell may directly develop into 
the embryosac, or may give rise to a row of 2, 3 or 4 megaspores, of which the 
chalazal or the one next to it may function; the mature embryosac is usually 
eight -nucleate. The antipodals persist longer in Caesalpinoideae and Mimosioideae 
than in Papilionoideae ; "the fusion of the polar nuclei may occur in the centre 
of the embryosac, against the inner wall or in contact with the egg apparatus. 

Saxton [1907] described the embryosac of Cassia tomentosa and found a deeply 
buried megaspore mother cell ; an usual tetrad of megaspores is produced of which 
theiimermost one (chalazal) functions ; the polars fuse early and the antipodals 
ate persistent and form an absorptive tissue. 

‘ X098 
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Martin [1914] piiblishecl a paper on the morphology of Trifolwm 

pratense, T. hy bridt m, T. repens, Mciicago sativa, and amerkma. He states 

that the ovules are campylotiopoiB with two integuments, the outer one preceding 
the inner ; a multiple archesporium is common ; one parietal cell is cut off which 
gives rise to the parietal tissue ; in M. saliva the megaspore mother cells were found 
in a few oases without parietal cells; one or more longitudinal rows of four 
megaspores are pro duced of which the lowest one functions. During the develop- 
ment of the embryosac much of the micellar tissue is digested and absorbed and 
as a result the mature embryosac comes to lie directly against the inner integu- 
ment ; the antipodals are ephemeral. 

Brown [1917] studied five varieties of Phaseolm mlgaris. She states that 
there is an axial row of only three megaspores, the outer cell resulting from the 
heterotypic division not functioning. Her work was confirmed hy Weinstein [1926]. 

Reeves [1930] reinvestigated the development of the embryosac in 
saliva. He states tbat-the archesporium consists of one or more cells ; a parietal 
cell is cut off but the amount of parietal tissue produced is variable ; several 
tetrads may be found, but not more than one mature embryosac has been recorded ; 
the mature embryosac is usually eight-nucleate. The antipodals degenerate very 
early but the polars remain partially fused before fertilization, and the embryosac 
grows at the expense of the adjacent tissue. 

Mahesbwari [1931] worked on Albezzia lebhek. He states that the arches- 
porium may consist of one or more cells ; the parietal cell by periclinal and anti- 
clinal divisions produces a heavy wall ; of the four megaspores the chalazal one 
always functions ; the polars do not fuse before fertilization and the antipodals 
are persistent till fertilization. 

MaTEKIAL and METHODS. 

The material used in this investigation was obtained from plants grown in the 
university experimental garden, from seeds obtained from the Principal, Agricul- 
tural College, Coimbatore. The development of the embryosac in the following 
plantswasinvestigated:-— 

(1) Rich. 

(2) Spreng. 

(3) DoKcAos jCa5Za6 Linn. 

(4) Pisum sativum JAim. 

The material was fixed in Alienas modification of Bonin's fluid, and in Licent'a 
Q:^a|ive* To repiove the waxy coating the n^aterial wa« first dipped for a very 
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sliort time in acetic alooM (1 : 2) and then immersed in the fixatives. This proce- 
dure gave satisfactory resfife The fixation was carried out between 9 a.m. and 
1p.m. in the field; the material fixed between 10 and 11 a.m. showed numerous 
divisional stages. In PachyfMzus, Cajunus and DoUchos the dense mat of hairs on 
the ovary had to be removed by scraping. The material was left for 24 hours in 
the fixing fluid. It was dehydrated, cleared and indfiltrated in the usual way. 

Sections were cut 6 to 10 microns thick, depending on the age of the material 
and the stage required for study. 

. Heidenhain's iron alum haematoxylin was chiefly used for staining ; a number 
of preparations were counter-stained with orange G, The sections were mounted in 
Canada'balsam. 

■ Omle. 

As is characteristic of the Leguminosae, the ovules are borne in two rows, one 
on each side of the ventral suture. At first, the ovule is orthotropous, but when it 
conies in contact with the dorsal wall of the ovary the apex of the ovule curves 
and ultimately the ovule becomes campylotropoiis to half-anatropus. It rarely 
becomes strictly anatropus. 

The integuments of the ovule in all the plants studied are two in number ; in 
DolieJids, the inner integiimont always develops first ; in Paohyrhizus and Pisim the 
integuments appear almost simultaneously but in and Laihjrus the outer 

integument precedes the iiiner. The outer integument always grows faster and soon 
overtakes the inner. The inner integument is mostly composed of two layers of 
cells except near the micro pyle where it is thicker in some species. The outer 
integument is Variable in thickness in the difierent species, but it is always thicker 
than the inner integument, and more so at the micropylar end. In Oajanus, 
DolichoSj Pisim and Laihjnis (Plate XCI) both the integuments take part in the 
formation of the micropyle ; in the first two species, however, only that portion 
of the inner integuments which is towards the funiculus takes part in the process ; 
in Pachyrhizus^ liow^ outer integument only takes part in the formation 

of the micropyle. ^ ^ 

Emhryosae. 

As the process of emhryosae development was found to be similar in all the 
species investigated,. a general description of the d<5velopment of the female game- 
tophyte is given below and the points of differences indicated. 

The ovule first appears as a blunt papillate process and consists of a group of 
homogenous celb. Very soon one or more of the nucellar cells become diflerentiated 
from the rest. In Po5cfe/r.¥2:«^5 usually a group of arehesporial cells differentiates 


Figs. 1-7* FojchpUzm anguMus Biclu 

Fi, 1 Ta.ori?iaoUaarclx.spori.loaU(x500). Pig. 2. 

,,!v500i Pig 3. AgcoupoffLrar<Aea^^^ Kg. 4. Redaction d.mion of tte meg^poM 

A tetrad of megaspores rtte three upper cells have disintegrated (X 1100). 
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in the tliird layer of the nucellar tissue and sometimes have a linear arrangement 
(Plate LXXXIV, fig. 3). A single archesporial cell has also been observed in a 
few cases in this material (Pigs. 1, 2). In Oajanus, a single archesporial ceir is 
usually recognised at the third layer of the nucellar tissue (Plate LXXXV. 
fig. 16), but in some preparations a number of archesporial cells have been noted, 
and in one flower all the young ovules were foixnd to contain two archesporial cBll« 
In also a single archesporial cell is commonly met with at the third layer 

of the nucellar tissue (Pig. 26) but two equally difierentiated archesporial cells have 
also been noted. In LaiJiyms usually a single hypodermal cell is differentiated out 
as the archesporial cell early in the development of the ovule (Pig. 46) but multiple 
archesporium is also noted. In all the preparations showed the megaspore 

mother cell situated at the third layer of the nucellar tissue, and, considering the 
mze and the orientation of the surrounding cells, it appears that the archesporial 
cell here too differentiates at the third layer and acts directly as the megaspore 
mother cell (Fig. 35). 

In PachyrUziis, Oajanus, DoUcJios and Pisum the archesporial cell directly 
functions as the megaspore mother cell and does not cut off any parietal cell as has 
been noted in a number of leguminous and other plants by various investigators. 
The megaspore mother cell is therefore found in the third layer of the micellar tissue 
capped generally by two layers of nucellar cells. In PachyrUziis, these cover cells 
divide both periclinally and anticlinally and as a result the megaspore mother cell 
is pushed inside and becomes deeply located in the nucellar tissue (Fig. 2). Division 
of the cover cells seldom occurs in DoZMos and in Qajanus, In iMhyfm the 
archesporial cell divides to give rise to a megaspore mother cell and a primary 
parietal cell ; the parietal cell divides both periclinally and anticlinally but the 
periclinal division very seldom takes place, so that, in the majority of cases the 
megaspore mother cell lies two cell layers deep. In Pisnm m m Pachyrhizm 
the megaspore mother cell is pushed inside the cells of the nucellus by the division 
of the nucellar cells above (Pig. 36). 

The megaspore mother cell after its differentiation can be easily detected by 
its granular cytoplasm, bigger nucleus and greater chromaticity. The cytoplasm in 
most cases appears to l)e somewhat granular and fills the entire cell. The develop- 
ment of the pollen mother cells in the anthers is well-advanced at this stage of the 
megaspore mother cell, aiKl, in most cases, the second division has been completed 
and pollen quartets have been formed. The megaspore mother cell increases in sise 
and undergoes the usual clianges of the heterotypic prophase and at metapihase a well 
defined spindle is noted in every case (Pigs. 4, 17, 28, 37, 47). The heterotypic 
spindle in all cases has been observed to be at the top of the cell and is oriented 
obliquely. As in most other plants the spindle is seen to be composed of mo types 
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of fibres; the thicker strands of fibres are interspersed between the thinner ones 
and appear to be connected with the chromosomes and presumably help them in 
their anaphasic movement. The dual nature of the bivalents while arranged in the 
heterotypic spindle could be made out in every case. This is particularly evident 
when the anaphasic movement is initiated. The movement to the poles appears 
to be quite regular and in no case were “ non disjunction ” or other irregularities 
observed. On reaching the poles the chromosomes generally clump together. A 
well defined interphase follows. A cell plate is formed at about this time and 
divides the ceU into two halves of which the upper one in every case is smaller 
than the lower. 

Comparative measurements of the upper and lower cells of the dyad are given 
below:— 


1 . Fachjji'Mssus 

2. Cqfanus 

3. DoUcTios 

4. Pisum , 

6. Lathyrus 


Upper cell 

Lower cell 

8{jt 

40{i. 

12[i 

60p. 

I6fji 

68p, 


40 p. 


40(x 


The heterotypic division is quickly followed by the homoetypic dmsion. The 
arrangement of the spindle is rather variable. The lower cell (chalazal) in Pachy- 
rhizus, JDolichos, and Pisum shows generally a more advanced stage in mitosis than 
the upper (Mgs. 6, 29, 38). In Latkyrus this is so very pronounced, that when 
the lower cell has divided and formed two megaspores, the upper cell is still in the 
divisional stage (Fig. 49). In Oa/anMs both the cells appear to divide simultan- 
eously (Fig. 19). The planes of division of the dyads appear to be variable. Gene- 
rally the dyads are divided by periclinal walls. In Pachyrhizm, Cajanus, DolicTios 
and Pisum, the upper cell of the dyad is sometimes divided by a half anticlinal 
(oblique) to a strictly anticlinal wall (Figs. 6, 21, 30, 39). In Lathyrus, however, 
the micropylar ceU of the dyad always divides by an anticlinal wall, thus suggest- 
ing a faint resemblance between mierospore and megaspore tetrads (Figs. 60, 61). 
As a result of these two divisions a tetrad of megaspores is produced in every case 
(Figs. 6, 30, 39, 60). Thelowestor the chalazal megaspore alone functions while 
the test degenerate. In PaGliyrUzus andi DoUchos, the upper megaspores degenerate 
first ; in Lathyrus, however, the megaspore just above the functioning one is the 
:^tto show signs of degeneration (Fig. 61|, 
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Figs. 16-25. Cajanus inMcus Spreng. 

Fig. 16. The origin of an arohesporial cell of Cajanus » Fig. 17, Reduction division of the megaspore 
mother cell. Fig. 18. A Dyad, Fig. 19. Homoetypic division. Figs, 20, 21. Tetrad of megaspores. Fig. 
22. A binucleate embryosac. Fig. 23. A four-nucleate embryosac. Fig. 24, An eight-nucleate embryosac 
note migration of polar nuclei. Fig, 25. A mature embryosac ; note the fileform apparatus ; antipodals have 
disintegrated. 
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The nucleus of (he embropac increases in size before it commences its activity. 

It divides, and the daughter nuclei migrate to opposite poles of the embryosac ; 
a central vacuole is noted at this stage (Eigs. 8, 22, 32, 62). The embryosac 
generally increases in size before the four-nucleate stage is reached. As is usual 
at this stage the nuclei are distributed equally at the two poles of the embryosac 
(Plate LXXXV, figs. 9 and figs. 23, 33, 42, 54). By the division of these four 
nuclei the eight-nucleate stage is reached and the embryosac increases much in size. 
Three nuclei at the chalazal end and three nuclei at the micropylar end of the 
embryosac become specialized from the general cytoplasm of the embryosac by a 
well-developed “ hautschicht ” round each of them. The three micropylar cells 
organise the egg-apparatus and the. three chalazal ones, the antipodals. The re- 
maining two nuclei, devoid of any such membrance, migrate towards each other 
and meet near the micropylar end, in clo.se vicinity of the egg to form the 
primary endosperm nucleus. This is particularly noticeable in Padiyrhizus, and 
Oajanus (Plate LXXXVI, figs. 11, and fig. 26.) The antipodals in PachyrUzus 
are relatively persistent and degenerate only after, and not before, polar fusion. 
The two polar nuclei in Doliohos, Pisum and Lathyrm do not fuse even when the 
antipodals have degenerated but lie side by side, or one above _the other near the 
centre of the embryosac, and most probably remain in this stage till fertilization 
(Figs. 34, 44, 66). 

The egg apparatus consists of two synergids, vacuolate at the base, with the 
nucleus at the apical end, and an egg, vacuolate at the apex, with the nucleus at 
the base. The synergids are more or less beaked in all the species. In Oajanm 
a well developed filiform apparatus of each synergid was noted (Plate LXXXVIl, 
fig. 26). In the other species investigated the filiform ^apparatus could not be 
detected. 

The digestion and absorption of nucellar tissue during the growth of the 
embryosac is an interesting feature in this family. In Pachyrhizus, Oajanus, 
Lathyrus and Pisum the first sign of degeneration and absorption of the tissue is 
noticed when the embryosac has reached the binucleate stage. In Doliehos, 
however, no such sign was found at the binucleate stage and it is only apparent 
when the embryosac has reached the four-nucleate stage (Plate L XXXV Il, fig. 33). 

The final position of the embryosac is determined by the degree of absorption 
of the nucellar tissue. In Pachyrhizus in spite of much absorption of the nucellar 
tissue, the mature embryosac is surrounded and capped by several layers of nucellar 
ceUs and as such the mature embryosac is not in direct contact with the micropyle 
or the inner integument. In Doliohos and in Oajanus, though there is much 
degeneration of the nucellar tissue, yet the mature embryosac is usually capped by 
two cell layers in the former and by only one cell layer in the latter. In Pisum 
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and Laihyrus the degeneration of the nucellar tissue extends up to the epidermal 
layer so that the mature embryosac in these species is in direct contact with the 
inner integument and the micropyle. 

SterilUy. 

No evidence of wide spread sterility of the female gametophyte was noted in 
any of the species investigated. Only occasional degeneration of the megaspore 
mother cell or of the embryosac in the birmcleate or 4-nucleate stage was met 
with. Hence sterility of the female gametophyte cannot be considered as a 
factor of any importance in alfecting seed production in these plants. 

Chromosome number. 

The cliormosome numbers of plants belonging to the family Leguminosae have 
been investigated by a number of investigators and many new numbers have been 
recorded in recent years. The lowest haploid number as yet determined in this 
family is six and is found in certain species of Vida. It is interestiag to note that 
other species of Vida have been found with seven or ^twelve haploid chormosomes. 
Of the leguminous crop plants Rau [1929] has determined 24 diploid chromosomes 
for Vigna caijang, Dolichos Lablab, Pliaseolus radialus and Phaseohis mimgo, and 
fourteen (2«) in Oicer arietinum. Seven haploid chomosomes have been recorded in 
by Sakamura [1920]. The same number has been recorded in 
Pisum arveme by a number of workers. 

In the present investigation an attempt was made to determine the chromosome 
numbers of the plants studied. The computation was made from the meiotic 
divisions of microspore mother cells* It was found that Paehgrhiziis anguhius oxidi 
Gajarms indicus hoth. possess eleren haploid chromosomes (Figs. 12, 13). Lathyrm 
saiivus showed seven chromosomes in the meiotic divisions (lig. 15), The same 
number has been recorded by Latter [1926] in i* odoratus. Pisim sativum oho 
showed seven haploid chromosomes which agrees with the counts made by previous 
investigators (Fig. 14). Satisfactory evidence as to the choromosome number of 
was not obtained. 

Discussion. 

The data obtained in course of this investigation go much in support of our 
previous stock of knowledge in this subject. 

The flowers, as characteristic of the leguminosse, are monocarpellary. In 
Dolichos a flower was found to possess two carpels with separate styles and stigmas 
but conjoined ovaries. This is of course an abnormal flower and such instances are 
very rare. 






Figs. 35-44. Pisum sativum Linn. 

Fig. 35. A megaspore mother cell in synezesis. Fig. 36. A megaspore mother cell in synezesis ; the 
flatteniiig of the nucleolus to be noticed. Fig. 37. Eeduction division. Fig. 38. Homoetypic division# 
Figs. 39, 40. Disintegration in tetrads. Fig. 41. A binucleate embryosac. Fig, 42. A four-nucleate 
embryosao. Fig. 43. An eight-nucleate embryosac ; migration of the polar nuclei to be noticed. Fig. 44. 
A mature embryosao showing the egg apparatus and polar nuclei. { x 600), 
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Figs, 46-66. Laihyrus saiivus Linn. 

Fig. 46. Tho origin of an arclicepoiial cell. Fig, 46. archesporial cell divided into a megaspcre 

mother cell and a parietal cell. Fig. 47. Eeduotion division. Fig. 48. A dyad. Fig. 49. Homoetypic 
division. Figi60. A tetrad of megaspores. Fig. 61* Disintegration of the three megaspores in a tetrad* 
Fig. 62i A binuoieate emhryosac. Fig. 64. A four-nucleate embryosac. Fig, 66. A mature embryosac 
showing the egg apparatus and polar nuclei* (x 600). ’ 
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The ovules are more or less campvlotropous in all the species investigated* 
Similar orientation of the ovule has been recorded by Martin [1914] in three species 
of TrifoUum, in Medicago saiiva and in Vida amerieana. 

The developinent of the integuments agrees with the records of previous in- 
vestigators on this line. In Dolichos, the inner integument starts first, a fact weH 
established in various other species of this family, by Guignard [1881], Reeves 
[1930], Maheshwari [1931] and others. In Oajanus and Lathyms the outer integu- 
ment precedes the inner and similar observations have been made by Martin [1914] 
in the species studied by him. 

The inner integument is almost always composed of two layers of cells and 
this is also the opinion of previous investigators. 

It is interesting to note that in Pisum, Lathyms, DoUchos and Gajams where 
the mature embryosac has digested and absorbed the cover cells completely or 
nearly so, both the integuments are found to take part in the formation of the 
micropyle ; but in. PachyrMziis where the mature embryosac is covered by a heavy 
wall of nucellar cells, only the outer integument takes part in the formation of the 
micropyle. It is tempting to conclude from the above facts that the growth of 
the inner integument may be related to the degree of digestion and absorption of 
nucellar cells. 

The archesporium, we find, usually consists of a group of cells in Puchyrhizm 
and shows multiple tendency in DoUchos, Oajanus and Lathyms: Similar multiple 
archesporium has been recorded in Vida and rn/oJwm by Martin [1914], in 
PhaseolushjP^to'wn\l%\l\in Medicago satim by Beeves [1930], and in Albezzia 
lebbek by Maheshwari [1931]. Multiple condition of archesporium may here be 
explained as the remnant of a primitive feature. 

The archesporial cell cuts off a parietal cell in Lathyms only ( Plate XC), but in 
the remaining four species no parietal cell was observed. Absence of parietal 
cell has been recorded in Lathyms odoratus by Jonsson [1879-80] in Orobus angusU* 
folius by Guignard [1881], and in Medicago saliva by Martin [1914]. 

In Oajanus and DoUchos it has been observed that the absence of the parietal 
cell is usually followed by the absence of the division of the cover cells, but in 
Paohyrhizus and Pisum, inspite of the absence of the parietal cell, the cover cells 
divide actively and as a result the soprogenous tissue is more or less deeply 
imbeded. The situation is hard to explain, but it is certain that the presence or 
absence of the heavy layer of cover cells has some specific value and may have 
some relation with the growth of the embryosac and the process of fertilization. 

The megaspore mother cell by two successive divisions gives rise to a t-etrad of 
megsapores in all cases of which the chalazal one always functions. No abnor- 
mality in the number or behaviour of the megaspores was observed in the species 









stadied ; heuce it mw be safely concluded that the embryosao development is of 
the normal type in all eases. It may be noted in this connection that Jbnsson 
[1879-80] reporced the embryosac development in Lathynis odoralus to h&oitlia 
“Scilla type. Critical study ol Lathyrus saiiwj was undertaken and it was 
found that the upper cell of the dyad as usual produced two of the megaspores. 

The chalazal megaspore is always found to be the largest of the four, a 
condition apparently related to the fact that it is this one which functions The 
remaining three megaspores always degenerate before the chalazal megaspore 
divides ; ° 

The nucleus of the embryosac by three successive free nuclear divisions gives 
rise to the eight muclei of the mature embryosac — a general feature in angios- 
perms (Plate XOI). In one instance in Doliohos, however, a mature embryosac 
was found to contain one extra nucleus at the micropylar end, i.e., the female 
gametophyce was nine-nucleate. Ho mature embryosao with less than eight nuclei 
was observed in the species studied. 

The antipodals, as characteristic of the Papilionoidese, are more or less 
ephemeral in all the species; this fact agrees with the observation of Guignard 
[1881], 

The polars fuse completely in Pachyrhizus and Oajanus and the fusion nucleus 
lies close to the egg. Similar polar fusion before fertilization was observed by 
Guignard [1831] who remarks that in Legiiminosae the polar nuclei fuse before 
fertilization except in Viceoe. The polar nuclei in Pisum, Doliohos md Lathyrus, 
however, do not fuse in the mature embryosac. Similar cases have been recorded 
by Martin [1914] in all the species investigated by him and also by Maheshwari 
[mi]in Albezzia hbbeh 

The synergids are of the usual structure, only those of Gajanus possess filiform 
apparatus. EiUform apparatus has been found in this family in TrifoUum pratmse 

by Martin [1914] and in by Maheshwari [1931]. 

The embryo.sac grows at the expense of the adjacent tissue in aU the species, 
a fact which has been well established by various investigators. 

STTMM.4EY. 

The development of the female gametophyte was studied in the following 
leguminous crop plants angulatus, Gajanus indieus, Doliohos Labhb 

Pisum sativum md Lathyrus sativus. ’ 

1. In all the species studied, the curvature of the ovules is towards the apex 

of the ovary . The ovules are more or less campylotropous. 

2. A hyp.dermal cell or cells differentiate as the archesporium in Xa%ms; 
in the remaining four species the archesporium differentiates at the third layer of 
the uuceJus and usually consists of a group of cells. 
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3. The arohesporial cell divides into a primary parietal cell and a megasporo 

mother cell in but in the other species no parietal cell has been observed, 

the archesporial cell directly functioning as the megaspore mother cell* 

4. As a result of two divisions, the megaspore mother cell produces a tetrad of 
megaspores* 

5. In all the species the innermost (chalazai) megaspore functions as the 
embryosac mother cell ; .the other three degenerate. 

6. As a result of the activity of the functioning megaspore a typical eight- 
nucleate embryosac is formed. 

7. In the mature embryosac three of the eight nuclei organise the egg 
apparatus ; the synergids are more or less beaked in all the species ; only those of 
Gajanus possess well defined filiform apparatus. 

8. Three nuclei at the chalazai end of the embryosac differentiate as the 
antipodal cells. 

9. The polar nuclei migrate towards each other, fuse to form the primary 

endosperm nucleus in mdCajanus. In other species the polars lie 

side by side or one above the other. 

10. The embryosac absorbs considerably the surrounding nucellar cells in all 
the species. 

11. Srerility of ovules is of very rare occurrence under natural conditions. 

12. The haploid number of chromosomes in Pisum and Lathyrus is seven and 

in and is eleven. 

In conclusion I wish to express my gratitude for help and encouragement in 
various ways to Mr. Ilabonto Banerji, University Lecturer in Botany, under 
whose direction this work was carried out* 
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NO. 11--THE USE OF EANDOM SAMPLING NUMBERS IN AGRICULTURAL 

EXPERIMENTS. 

BY 

P. C. MAHALANOBIS, 

Statistical Laboratory, Presidency College^ Calcutta, 

(Received for publication on 28th June 1933) 

(With three text-figures) 

We often receive enquiries regarding the most convenient method of collecting 
random samples or randomizing the lay-out of plots in field trials. The old 
method of drawing tickets from a bag or urn can, of course, be always used. But 
the process is extremely laborious, and in practice it is almost never possible to 
shuffle the tickets adequately between successive draws. In order to get over the 
difficulty of random sampling, Prof. Karl Pearson suggested some time ago to 
Mr. L. H. 0. Tippett that the system of tickets might be replaced by a random 
system of nambers. Over 10,000 sets of 4 random numbers arranged by Mr. Tippett 
ill 26 pages was published in 1927 (Tracts for Computers No. XV, Cambridge Uni- 
versity Press). It contains a valuable introduction by Prof. Pearson and is 
practically indispensable in a statistical laboratory. But as all agricultural field 
workers do not have access to this tract, I am giving here a short list of 2,000 ran- 
dom numbers arranged in 600 sets of 4, which were obtained by taking random 
samples from Tippett’s numbers and then re-arranging {i.e,, shuffling) them again in 
a random manner. The following examples will indicate some of the ways in which 
these random numbers may be iised in agricultural experiments. 

Example L — Let us suppose there are 100 plants arranged in 10 rows and 10 
columns in a particular field experiment as shown in Fig. 1. It is desired to select 
a random sample of five plants. 
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We can identiiy any partis by the number of the row and the 

number of the column in which it occurs. Thus the numbers (1,1) will represent 
the plant in the 1st row and the 1st column; (1,9) the plant in the 1st row and 9th 
column ; (5,4) the plant in the 5th row and the 4th column ; and so on. We can 
conveniently settle that (0,0) will represent the plant in the 10th row and 10th 
column. 

It is clear that any set of two figures will represent one particular plant. In- 
stead of using two separate figures, we can also use a single number of two figures 
provided we adopt a convention that the first figure will represent the row and the 
second figure will represent the column (or vice versa). Any random number of two 
figures will then represent a plant chosen in a random manner. 

In Block 1 of Table I we have, for example, the following random numbers :-— 
2082 ; 1494 ; 7012 ; 0095 ; 6866. 

We can choose 5 numbers of 2 figures each in any way we like:*-verticaily 
downwards, from the first two columns : 21, 70, 60, 40, 08 ; or from the last two 
columjis ; 89, 19, 62, 42, 56 ; or from the 2nd and 3rd columns : 04, 80, 88, 91, 98 ; 
hoiizontally from first three row'^ : 20, 82, 14, 94, 70 ; from the 2nd, Srd and the 
4th rows : 14, 94, 70, 12, 00 ; from the 1st, 3rd and the 5th rows : 20, 82, 70, 12, 68, 
etc. Now each number of two figures will represent a single plant, and hence any 
set of 5 random numbers (of two figures each) will give us a set of 5 plants selected 
at random, in other words a random sample of 5 plants. 

It is obvious that we can easily extend the same method to give us random 
samples of 6, 8, 10, 20 or any number of plants. 

2.-— Suppose instead of 100 plants we have 10,000 plants arranged in 
100 rows and 100 columns. We can now use a number of two figures to represent 
the number of the row, and another number of two figures to represent the number 
of the column. Thus the plant in the 42ad row and 37th column will be labelled 
by tbe two numbers 42 and 37 ; or the plant in the 3rd row and 15th column by the 
two numbers 3 and 15 (which may be more conveniently written as 03 and 15) ; the 
plant in the 4th row and 6th column by the numbers 04, 06 ; and so on, with the 
convention that (00,00) will represent the jdant in the 100th row and 100th column. 
It is clear that any number of 4 figures will now suflS.ce for identifying a particular 
plant, and hence any random number of 4 figures will give a plant selected at 
random. 

Example 3.— If we have, say, 1,000 plants arranged in 10 rows and 100 columns, 
we can obviously use a number of 3 figures to represent a particular plant with the 
convention that the first figure will give the number of the row, and the last two 
figures the number of the column, while (000) wiU represent the plant in the 10th 
row and 100th column. 
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Example i.Sngi^OBQ 1,000 plants are arranged in 50 rows and SO columns. A 
number of 4 figures will again identify a plant. For example 4316 will represent 
the plant in the 43rd row and the 16th column. But it is clear that the number re- 
presenting the row, that is the number given by the first two figures will never 
exceed 60 ; and similarly the number representing the column given by the last 
two figures will never exceed 20. Thus although each plant will have a particnlar 
number of 4 figures, all numbers of 4 figures will not represent particular plant. 
Any B.umber greater than 6020 or any number like 4334 will not represent anything. 

A slight modification in our procedure is now necessary. We can, of coursej 
ignore all numbers which do not represent plants. But this will involve the rejec- 
tion of many numbers. A better method will be to assign more than one number 
to each plant. For example, in this particular case we can decide that 01 and 51 
will both represent the 1st row, 02 and 62 the 2nd row, 11 and 61 the llth row, 
24 and 74 the 24th row, 49 and 99 the 49th row, and 50 and 00 the 60th row. 
Similarly we can settle that 01, 21, 41, 61 and 81 will all represent the 1st column ; 
02, 22, 42, 62 and 82 the 2nd column ; 11, 31, 51, 71 aad 91 the llth column ; and 
20, 40, 60, 80 and 00 the 20th column. There will not be any empty numbers left, 
so that each number will identify one particular plant (although each plant will 
have more than one number assigned to it). We can now nse any set of random 
numbers of 4 figures each to represent a random sample of plants. 

Example 5,-— Fiuth.QT modifications will be necessary when the number of rows 
or columns is not a multiple of 10. Suppose we have 17 rows. We can now 
assign 5 numbers to each row. For example 1, 18, 35, 62 and 69 will all represent 
the 1st row ; 17, 34, 51, 68, and 85, the 17th row, the rule being that only 
the remainder after division by 17 is to be taken into consideration (a zero 
remainder standing for the 17th row). But this will leave the 15 numbers 86, 87, 
88, 89, 90, 91, 92, 93, 94, 96, 96, 97, 98, 99, 00 as blanks. We can, however, still 
continue to divide by 17 and use the remainder as before. Provided this is done, 
each number of 2 figures will again represent unambiguously one particular row, 
and we shall be in a position to use random numbers of 2 figures to specify sample 
rows selected in a random manner.* 

* A slight inequality will however be introduced in this case. Rows i to 15 will each be repre- 
sented by six numbers, while rows 16 and 17 will be represented by 5 numbers. The chance of occur- 
rence of rows 16 and 17 will, therefore, be slightly loss in the long run. We can better equalise the 
chance if we use 3 figures (i.e. numbers 1 — 999 and 000) instead of only two figures. Dividing 1,000 
by 17 we get 58 as dividend and 14 as remainder. It is clear that each of the rows 1 — 14 will be repre- 
sented by 69 figures while rows 15, 16 and 17 will have only 58 figures each. The inequality is now 
reduced to 1 in 58, while with two figures the inequality was 1 in 5. If we use 4 figures the chances 
will be still better equalised. Dor agrioultur al experiments (in which the size of samples is usually 
small) such refinements will not, however, be usually required. The difficulty may be avoided by 
rejeoting all numbers above 85, so that all the cows will b© ueprasented by five numbers. 
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Emmple 6,— It is required to distribute 7 varieties (A, B, C, D, E, F, and G) 
to 7 plots within a ‘ ■ block in a field experiment. Let us assign the numbers 1, 
2j 3, 4, 5, 6 and 0 to the 7 varieties, i.e., settle that the number 1 will represent 
A, 1=A, 2===B, 3=0, 4===D, &=E, 6=F, and 0=G. Let us use random 
numbers of 3 figures, and adopt the convention that only the remainder is to be 
taken into consideration after division by 7. Consider any particular number of 
3 figures, say 725 ; dividing by 7 we obtain a remainder of 4 ; this will then repre- 
sent variety D, 

We can now draw 2 random numbers of 3 figures each from our plates, say 
669 and 411. Dividing by 7 we obtain remainders 2 and 4. We may, therefore, 
proceed to allot 2==B to plot No. 4. 


Plots 

1 

2 

3 

4 

5 

e 

7 

Random Ko. 

(334) 

(073) 

(636) 

(669) 


(461) 

(932) 

Varieties . 

5=E 

3 = C 

6.=F 

2-B 

Q 

4.D 1 

1==A 


Fig. 2, 

We next draw two other random numbers, say 342 and 461 which give remain- 
ders 6 and 4. We can use 4=D for plot No. 6 {because the order in which the two 
remainders are used is obviously immaterial). The next two random numbers 
are 334 and 316 with remainders 6 and 1; we can, therefore, assign 6=E to 
plot No. 1. 

The next 2 numbers are 068, 690 with remainders 6 and 4. As we have 
already used both the varieties 4=D and 5=E, we ignore this set. We draw a 
fresh set of two numbers 073, 275 with remainders 3 and 2. We can allot variety 
3=0 to plot No. 2. The next 2 numbers are 014, 932 with remaindeis 0, 1 ; which 
enable us to assign variety No. 1=A to plot No, 7 (which will be represented by the 
number 0), 

We have next 636, 948 with remainders 6, 3 ; we assign variety No. 6=:F to 
plot No. 3. This leaves us variety G for plot No. 6. 


The plots are now effectively randomized. It will be noticed that the whole 
procedure is extremely simple and quick ; it only requires the use of a set of 
Random numbers. 
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Example 7.— It is desired to select a randora sample of plants from an 
experimental plot. Tte plants were not arranged in rows and columns, or in my 
regular manner, but were sown in a haphazard way. 

100 parts {x) — ^ 

A ■■ ■ ■ B' 


D 0 

Hg.3. 

Let A, B, 0, D, be the four corner points of the plot (which may be square or 
rectangular in shape)* We can divide all the sides AB, BC, CD and DA into 
100 segments, and draw (on a plan) lines through each segment parallel to the 
sides. The whole plot will then be divided into 100 X 100 == 10,000 small cells 
(each of which will be of the siame shape as the plot itself). We can consider the 
segments along AD (or BC) to give the successive rows, and the segments along 
AB (or CD) the successive columns. Each small cell can then be labelled by the 
number of the row (or segment along AD or BC) and the number of the column 
(or segment along AB or CD) in which it occurs. 

Thus, as in Example 1, each small cell will he represented by a number of 

1 figures ; and since there are 100 X 100 = 10,000 cells, each number of 4 figures 
will represent a particular cell. We can, therefore, proceed to use random 
numbers of 4 figures each to give random selections of cells. The corresponding 
plants lying within these random cells will obviously furnish a random selection 
of plants. 

If the length of one side is considerably greater than the other side, we can 
divide the longer side into 1,000 parts and the shorter side into 100 parts. We 
shall have then to use 3 figures to represent segments for the longer side, and 

2 figures for the shorter side, that is numbers of 5 figures each to represent parti* 
cular cells. 


It win be noticed that the coarseness or fineness of the division is entirely 
at our choi^se, With 10 X 10 = lOQ cells, we require only 2 figures ; but the 
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division is very coarse. But if necessary we can use 10 X 100 = 1,000 cells j 
or 100 X 100 = 10,000 cells ; or 1,000 X 1,000 — 1,000,000 cells ; and so on to 
any desired degree of fineness. It will fie noticed that in the limit tfiis process 
will reduce to using coordinates (x, y) to specify a point in the plot, where x will 
denote the distance from one end of the field AD, measured along say the side AB, 
and y the distance measured along the side AD from the end AB, the length of 
each side fieing taken equal to 10, or 100, or 1,000, or some other convenient 
multiple of 10. 

These are only some of the uses to which random numbers may fie put. 
Other examples will easily occur to field workers. Prof. Pearson’s foreword to 
Tippett’s tract should be consulted by every one having access to the tract. The 
random numbers may, of course, fie taken backwards or diagonally or in any other 
way. The same set of numbers taken in different ways can thus furnish many 
more sets. One word of caution, however, is necessary. It is true that from the 
same set of numbers we can obtain a large number or combinations by taking the 
individual numbers in different ways, but we should not use the same set over 
and over again beyond a certain limit. In Example 1, we have altogether 
5 X 4 = 20 random figures in Block 1, Table I. Now each plant requires 2 figures 
to specify its position. The set of 20 figures in Block 1, Table I, will therefore 
yield at the most 10 (since 20/2 = 10) independent rahdom plants. If we try to 
draw more than 10 samples from the same set of numbers (say from Block 1, 
Table I), it is clear that some of the numbers will no longer remain independent as 
some of the figures will occur over and over again and some bias wiU be thus 
introduced. The general rule is that the total number of random samples must 
not exceed the total number of sets of figures available. Provided this condition 
is not violated it us, of course, immaterial how the particular numbers are 
selected. 

Table I. 


Ms: 













9607 

2130 

4764 

2667 

7276 
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8606 

2182 

9039 

.2445 

9289 

3360 

2839 

1087 

9803 

7876 

6816 

6867 

9687 

1698 

4807 

4736 

1074 

8023 

4733 

5438 

5208 

1429 

1161 

9063 

8416 

3880 

2642 

9817 

8766 

2806 

7844 

6663 

6943 

0367 

9614 

4005 

9693 

4072 

6084 

0066 

9881 

3796 

200-1- 

7031 

2648 

1299 

9253 

1904 

8839 

4594 

. 4246 

8098 

6867 

1666 

6827 

6748 

i 7606 

3421 

6866 

3828 

7866 

1469 

7661 

3369 

2707 

2446 

4024 

9284 

1058 

^61 

9978 

im 

0667 

1834 

2450 


Table IV. 
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iNTRODtrOTION. 

All the existent literature [Balls, 1910, 1912 ; Mclendon, 1912 ; Kearney, 1923 ; 
Bannerji, 1929 ; Carver, 1929; Harland, 1929, 1932] on the inheritance of pollen 
colour in cotton relates to the behaviour of the New World types alone. The only 
mention about this character in the Old World group is that made by Harland 
when he states that “ In Old World cottons deep yellow is the usual colour though 
paler shades have been noticed ”. Since all the Asiatic types possess only half 
the number of choromosomes of the American cottons, it will be interesting to 
examine whether the mode of segregation of pollen colour in the former, will be 
similar to that reported in the latter. 

Material and methods. 

During the course of selection work in the ‘Coconadas’ cotton, the junior author 
detected a plant with cream pollen, corresponding to class zero of Harland’s 
grading, which is a rare feature in the indigenous types. It was found to breed 
true in the succeeding generations and was used as one of the parents — strain 46 — 
in the present study. 

Strain 45 (grade 0 ) was crossed with strain 171 (grade 2 ' 6 ) of Coconadas 
{&. obUtsifolium) and with strain 2113 of Uppam (G, Jierbaceum) cotton. A few of 
the F^’s were back-crossed with the recessive parent. The E 2 populations result- 
ing from these hybrids were classified according to Harland ’s grades four hours 
after flower opening. This study was farther followed up in the F 3 generation 
with a view to decide definitely about their behaviour. 

It may be stated here that an examination of pollen colour— usually done in 
the afternoons — ^in all the Asiatic cottons grown on the Cotton Breeding Station, 
Coimbatore, revealed that all belonged to grade 2’6 except G. sanguineum, which 
was of grade 3'0. It was also noted that the anthers h^d a darker tint in the bud 
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stage than on the day of flower opening (Plate XGII), Some difficulty was experienced 
in classification as ail the flowers of a single plant were not exactly of the same 
shade of colour (2'6). A few of them exhibited a lower grade (2-0). Even in the 
same ficwet the pollen grains at the top were lighter than at the base of the 
staminal column. The anther sac too varied from pale yellow to pinkish yellow, 
so that minor colour difierenoes were induced by the variation in the colour of the 
background. Other factors, like quantity of pollen, time of dehiscence of anthers, 
and presence of sterile or semi-sterile anthers, also influenced the classification. 
Invariably the lower grade was duo to one or more of the above causes and in all 
such cases these had to be changed subsequently on checking to the next higher 
grade of 2‘6. 

Results. 

Table I gives the data obtained in the intervarietal cross. 

Table I. 

Mesults of intemrietal cross. 


Family 


Kemarks 


45 {(?. obtusifolium) 

IJi Ditto 

f, 

Fa 2 

3 

4 

5 

6 

7 

8 

Total 

Expected (1: 3) • • 

Back cross 1 {171 X 46) FI x46^ 
2 45x(mx46)Fl^ 
Total 

Expected 


Ho. of plants mtn pollen grade 


300 


(not Significant) 
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It is evideiit' that grade 2*6 is completely dominant in the and that there 
is a sharp segregation of 3 : 1 in the Fg. The figures obtained from the back 
crosses confirm the hypothesis, that only one pair of factors is concerned in the 
production of pollen colour in the strains under investigation. It may be noted 
here that the deficiency in the number of plants with yellow pollen reported by 
Harland in the back crosses, is perceptible only in one family. 

^¥hen the results of the interspecific crosses are scrutinized (Table II) a mono- 
hybrid ratio is clearly indicated. ‘ 

Table IL 

Results of iMen^ecifie cross. 



No. of plants with pollen grade 


h amily 

0 

2-5 

Bemarks 

45 (0. obimifoUum) . . . 

* 

• • 

.. ■ 

211^ (0. hrbaceum) • . . 



• » 

Ej . . . . . . . ■■ . '■ .. 

•• 

* 

• % ■ ■ 

Eg ' , . • . ■ , • ■ • • ■ • 

89 

278 


Expected (I s 3) .... 

92 

275 

X*“»0‘1305 
(not significant) 


The behaviour of the Fg families in both intervarietal and interspecific crosses 
(Tables III and IV) was also in complete harmony with expectations. 

Table III. 

Results of intervarietal cross. 45x171— F^, 


Eamily numbers and their grades 


No. of plants with pollen 
grade 


1741, 1744, 1745, 1746, 1748, 1762, 1757 
1763, 1766, 1768, 1774. 1781, 1788 
1784, 1786, 1787, 1788, 1789, 1796 
1797 \ . 

740, 1747, 1749, 1771, 1772, 1778 
1776, 1777, 1779, 1792, 1798 
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Table lH—eonld. 

No* Of plants with pollen 
grade 

Family numbers and their grades ■ • \ • 


Grade contd. 


1750 . 

1751 . 

1753 . 

1764 . 

1765 . 

1766 . 

1768 • 

1769 . 

1760 . 

1761 . 

1762 . 

1764 . 

1766 . 

1767 . 

1769 , 

1770 u 

1778 . 
1780 • 
1782 . 

1785 . 

1790 * 

1791 . 

1795 , 

1798 
Total . 
Expected (1 


15 

39 

10 

27 

5 

16 

8 

26 

8 

21 

7 

29 

10 

30 

6 

16 

10 

23 

8 

20 

7 

20 

6 

19 

9 

26 

7 

23 

8 

25 

12 

27 

7 

17 

6 

17 

9 

26 

6 

22 

8 

26 

6 

20 

12 

31 

7 

17 

213 

610 

206 

617 


Knot significant) 



&Yads 0 


'S' - 

^ 1 ‘ 1 ' 4 r ^ I. 


QraM 2*5 
Graie 2*5 
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Table IV. 

Results of inierspmjio cross 45x2113— F^. 


till, VI. 


Family numbers and their grades 

. . 5179, 5184, 5186, 5189, 6201, 5202, 5208, 

5214, 5215, 5217 . . . 

. . 5186, 5192, 5198, 6207, 5209, 5216, 5220 . 


Expected (1:3) 


No. of plants with pollen 
grade 


159 1 

3 ^ 2 = 0‘0084 
(not significant) 



171 obtimfolmm) 
21W (Gf'.M^baceim) 


171 {G, obtmifoUum) 

H. 1 (<?. herhaceum) 


171 (O^, cbiimfoUwn) . 

Garo Hill Cotton (G. eemuum) 


546 (G. indicum) . 

2113 (G, Jierbaomm) 


43 (G. oUusifolium) 

546 (G. indicim) . 


Table V. 


Results of inter s'pedfie crtoss. 


Zero grades of the second generation invariably bred true, while in the domi- 
nant grade, some plants show’ed segregation, and a few bred pure for grade 2'5. 

In addition to these, crosses between different species exhibiting grade 2'5, 
were made and their descendants were studied in detail. It was interesting to 
observe neither intensification nor dilution of the parental grade (Table V). 
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indicnm x N. roaeum) Fj 
2019 Mfbmmm) * * 

'i\.' ^ . 

Fg.; 


(0. ifidicum X <5?. herhcmum) 
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Table V — contd. 

Kesults of interspecifio cross — coatd. 


Number of pJants with 
pollen grade 


This clearly indicated that these strains did not carry different modifying factors 
for yellow pollen colour. 

Work on crosses between (?. and (?. herbace'um (grade 

2‘6) is tinder way. Details will be published later on, when tha-results are ready. 

Discussion. 

It was seen that there were no intermediate grades in the different generations 
in both types of crosses, and the distinction was always sharp and clear-cut, i.e., 
the yellow and cream pollen were of grades 2*5 and 0 only. The disturbing 
influence of the modifying factors found by Harland in the interspecific crosses, is 
absent in our present study. The absence of such intergrading colours may be due 
to the presence of similar modifying factors in a homozygous condition in all the 
species studied, and may go to strengthen the suggestion made by Harland [1928] 
that there is only one species of cultivated Asiatic cotton Ware [1932] also 
states that the Old World cottons are more closely related to one another and differ 
very little in the complements of modifying factors among themselves, than the 
mtohers of the New World cottons, 

. ; . , The data also suggest that Selection 46 in Coconadas arose probably as a single 
point mutation like the one found by Harland in Sea Island or Egyptian cottons. 
This selection has % considerable percentage of sterile anthers. It is very likely 
that ite rare oo^mnca is partly due to its poor productive capacity. Measure- 
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bleats of tlie sizes in the yellow and eieam pollens from the segregating families did 
not show any appreciable differences (Table VI). 

Table VI. 

Mmswement of pollen gmim. 


Average diameter of pollen 
grains in 


Nttmber 


Bemarks 


readings 


Grade 0 


Grade 2*5 


16th Beoemher 


17th Beoember 1932 


18th Beceniber 1932 
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Summary. 

1. Segregation of the colour of pollen was studied in both intervarietal and 
interspecific crosses in two Asiatic cottons ((?. obtusifolium and 0. herhamm), 

% It was found that the segregation was sharp and clear-cut. Only one factor 
is involved in the expression of yellow colour. 

3. The presence of different modifying factOTwS was not noticed even in inter* 
specific crosses. 

4. Crosses involving different species having pollen of grade 2*5 did not show 
either intensification or dilution. 
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Iotrodhotioh; 


Studies of tie inheritance of lint in cotton are of considerable interest both 
from the practical and theoretical point of view, since they throw light on the 
genetic constitution of a character which gives the plant its commercial importance, 
and which is absent from, or poorly developed in, the primitive wild species of the 
genus. 

Previous work on the subject has been summarised, and discussed by Harland 
[1932] in ‘‘ The Genetics of Gossypium ” and will not be dealt with here, 

, * The experimenkl work on the two lintless strains of moUismi here reported, was carried 

out by M. Afzal, at the Cotton Research Laboratory, Lyallpur, Punjab, India, and the work on the 
Dharwar strain, by J. B. Hutchinson, at the Cotton Research Station, Trinidad, B. W, 1, 

J. B, Hutchinson is responsible for the genetic analysis of the results. 
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Materials. 

Three lintless strains were used in the experiments here reported. 

1, Hairy lintless, — lintless plant was discoTered in 1927 in a field of mollisoni 
mtiioii {G, indicum molUsoni ol Gamtnie, a form of Q, arboreum van. Nanking 
according to the classification included in Harland^s [1932] ‘^G-enetics of Gossy- 
pium ''), near Eenala in the Montgomery district of the Punjab. The plant was 
indistinguishable from other mollwm plants in general appearance. It was fairly 
thickly covered with hairs, both simple and stellate, on stem, petioles and leaves, 
like normal mollisoni plants. The seeds were thickly covered with short grey fuzz, 
but lint was entirely absent , 

2, Glabrous Uniless, — ^Glabrous lintless plants are entirely devoid of hair 
throughout the plant body, and the seeds are naked save for a few short hairs, 
either scattered over the surface, or forming a small tuft at the chalazal end. 
Glabrous lintless plants have blunt buds, with the immature petals incompletely 
folded, exposing the tip of the stigma for some days before flowering. This 
character has been described by Afzal and Singh [1932] and has been studied in 
detail by Hutchinson (in press). Hutchinson^ data show that blunt bud is 
associated with a short petal. 

Two glabrous lintless strains of different origin were used. 

Mollisoni 0, L , — This strain originated as a single plant discovered in a field 
of molUsoM cotton near Sangla in the Shiekhupura district of the Punjab. 

Dharwar G, The origin of this strain is given by Kottur [1927] from whom 
seed was obtained. It arose by mutation from a Burmese strain of Q. Nanking 
{G, arboreum var, Nanking accx)rding to the classification included in Harland^s 
[1932] paper). 


7. Inheritance of hairy Undess, 

Progenies were grown from selfed seed of hairy lintless plants for five genera- 
tions, and no homozygous lintless strains were extracted. Results are available 
from 13 families, which gave in aU : — 


linted 




lintioss 


Observed 


Expected (2 ; 1) 



Liatless 


Linted 


12 

8 

23 

22*67 


0 

4 ■ 

n 

11*33 


tinted 


loEtless 


Parent (Observed) . 

Expected (25 1) 
OiSspring (Observed) . 

(3 families) Expected (2; 1) 


Deducting tliese four families from the totals given above leaves 9 families with 


93*33 


46*67 


or a very close approximation to the 2 :1 ratio typical of segregation for a 
“ dominant'' lethal. One family of 12 plants was obtained in which there were no 
linted plants. Selfed seed was obtained, and all the three plants tested gave both 
linted and lintless in the next generation. In this family there were in all :• — 


Observed 


Expected (2:1) 
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The chance of obtaining a deviation from 2 : 1 as large, or larger on random 
sampling is only 0*06. Taken alone, such a deviation may be regarded as of doubt- 
ful significance, but taken in conjunction with other data given below, there is no 
doubt that the deviation is real, and indicates that the hairy lintless type is in 
some families at a disadvantage compared with the linted segregates from it. 
Selection of a family with a high proiwtion of lintless plants gave a strain in which 
the survival rate of lintless segregates was as great as that of linted segregates. 

Since the genetic evidence pointed to the action of a zygotic lethal, seeds of 
two sister plants, one normal linted, and the other hairy lintless, were cut open and 
the embryos examined. Among the seeds of the normal plant only occasional 
damaged embryos occurred. Among the seeds of the hairy lintless plant, about 
25 per cent, contained embryos with a blackened decayed area on the dorsal surface, 
which usually extended far enough in to damage the plumule. 

Linted segregates from hairy lintless parents bred true, and were in all 
respects similar to unrelated molMsmi plants. 


12 ' 

12 . 
M 

U^OQ 
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Hairy iintless was crossed with normal mollisoni. If the hairy lintless gene 
be designated , the cross is : — 

Hairy lintless X molKsonu 

and should give in equal numbers of h,^ (hairy lintless) and (noimal). 

There were obtained : — 

Lintless Lintod Total 

Observed . . , : . . 30 34 64 

Expected (1 : 1) .... 32 3r 64 

Linted F^ plants bred true in Fg and F 3 . 

Lintless F^ plants segregated into hairy lintless and linted. Fifteen families 
forming a homogeneous group gave : — 

1931 Lintloss Lintod Total 

Obsenred . . . . . 145 68 213 

Expected (2 : 1) . . . . 142 71 213 

or almost exactly 2:1. 

All Hated Fa segregates tested bred true, and all lintless segregates tested 
again segregated in F 3 . Tbirty-six Fg lintless plants gave in Fg. — 

1032 Lintless Linted Total 

Observed . . ... 321 192 613 

Expected (2 : 1) . ... 842 171 613 

X®=3 87,w=1, P=0-05. 

The chance of obtaining such an excess of linted on random sampling is only 
0‘05, and the deviation must be judged significant. Low viability of the ff'll*' 
heterozygote is again indicated. 

2. Inheritanoe of glabrous linUess. 

Dfomar (r. L.— A strain of the Dharwar 6. L. grown under number IT. 19 
was crossed with an unrelated form of G*. arSorewm var. known a.s N". 14. 

The Fj was hairy linted, FgS were grown and back-cros.«d toN. 19. Glabrous 
lintless behaved as a simple recessive to hairy Hnted, and there were in the FgS, 
and back crosses 

Hairy linted Glabrous Total 

lintless 

Observed , 190 66 256 

Expected (3 : 1) . 192 64 256 

EjX N. 19 Observed HO 120 2^ 

Expected (1 : 1) • 110 110 220 

Mollisoni G. L.—-A cross was made between moUisom G, L. and ntMcinal 
moHisoni and gave normal hairy linted F^. ,.m - ' 


«»-*►«. ■»<«■» Fji FI ‘»r>W'ri •■!. #!j^,«ji , ■ iSw.« -j is«>i 11 ii 



Observed 
Expected (1 : 1) 


FoS were not grown, but families exactly equivalent are available from the 
cross, " hairy lintless X otoMmom G. L. Since hairy lintless is a heterozygoto 
two types of Fj were obtained, hairy lintless and hairy linted (see below). The 
haitv linted F^s are genetically similar to F^s between molUsoni G. L. and 
normal mollismi. Glabrous lintless behaved as a simple recessive, as in the 
Dharwar G. L. cross, 

Fo results are available for six families. 


Hairy linted 


Glabrous 

lintless 

S9 


Observed * . • • 133 dy 

Expected (3 J 1) • • • 129 43 

Thirty hairy linted Fa plants were seifed and Fg families grown from them. Twelve 
bred true to hairy linted, and 18 again segregated in a 3 : 1 ratio, giving— 

J 932 Hairy linted Glabrous Total 

Imtless 

Observed . • • • 360 96 446 

Expected (3 $ ]) . • • 834'6 IU'6 446'0 

X® (3:1)=2‘91. P=0T. The deviation from the expected 3 :1 ratio, therefore, 
cannot be regarded as significant. 

The two glabrous lintless strains are similar in regard to the glabrous lintless 
character, both phenotypicaEy, and genetically. While a direct cross between the 
two is needed for conclusive proof, it is at least highly probable that the same 
gene is involved in both cases. Subject to confirmation by results from the 
direct cross, the symbol h,® will be used for glabrous lintless in both strains. 

3. Hairy Untless X mollisoniG.L. 

On the notation suggested above this cross is — 

gt Jjz go H® X h’' h® h® 

and should give in Fj equal numbers of hairy lintless, b®, and hairy linted, 

jjB jji H® b® plants. There were:— 


Haiiy 

linted 


Hairy 

lintiess 


Total 


1128 


INDIAN JODENAL ON AGBICULTDEAL SCIENCE 


[III, VI. 





Glabrous 


^ Observerd . # . 68 32 .• 90 

5 families . • i 

{ Expected (2 : 1) • • 60 30 .. 90 

^Observed • • . 69 41 30 130 

9 families • * X 

(Expected (2:1 :1) . 66-0 32'6 ta,'5 180-0 

Agreement witli expectation is good in the singly heterozygous families. 
Agreement with expectation is, however, poor in both Eg and Eg doubly hetero- 
sygous families and in addition agreement is poor between E^ and Eg. Evidence 


Hairy 

linted 


Hairy 

lintless 


Letbal 


1 h* H® 

2 h* 


2 H° H® 
h® 


imjTH® H® 
2ff‘BPH® h® 
imBP-h® h® 


Hairy 

lintless 


Hairy 

linted 


Glabrous 

lintless 


1931 


19 

22-26 


10 

22-26 


60 

44*50 


Observed 

Expected (2:1:1). 


Hairy 

lintless 


Hairy 

linted 


Glabrous 

lintless 


1932 


THE INHEEITANCE OE ‘ MNTLESS * XS ASIATIC 


The behaviour of the hairy linted Ej plants has been dealt with above. The 
hairy lintless plants are double heterozygotes, and should give in Eg ; — 


1 li^h^h®h® 

2 h* h® h® 


. The viable genotypes sbonld occur in the proportions ; — 

2 Hairy lintless; 1 hairy linted: 1 glabrous lintless, giving a spurious 
suggestion of allelomorphism between harry linted and glabrous lintless, with 
a hairy lintless heterozygote. 

In eleven small Eo families there were : — 


Eourteen Eg families were grown from Eg hairy lintless plants. One-third of 
these should split for hairy bntless only, and two-thirds should split for both types 
of lintless. Eive families gave hairy lintless and linted only, and 9 gave all three 
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to alr..dy lK«n preaanted to show that tk. W g.». low.« 

daitfs, oven in tke letetoaygons oondihon, and companion of tko ml F, leMte 
with the corresponding 1932 F 3 results given above, shows that H h heterozy- 
Ites were in defect in 1932, but not in 1931. heberozygotes _occur among 

the . abrous lintless segregates in doubly heterozygous families, so the deviations 
omtp^tion in such families are best judged in terms of the proportion bet- 

irom .xpecD ^ ^ ^ matter than m terms of the 

ro^lStlotndaof Untie, keat to tk. wkole. Taking « tke 
ratio of hairy lintless to linted, there were _________ 


Family 


Hairy Lintod 

hntlesa 


la F there was a non-significant excess of hairy lintless segregates over the 
expected 21 ratio, and in F 3 a corresponding defect. While neither Fg nor F 3 

difiers significantlv from expectation, they differ significantly from e^h other Z 

being 5-72 «.=l” P=0-02. The defect of hairy Imtless m F 3 may be ascribed to 

the Less mortality of m h^ heterozygotes in 1932. 

Comparing glabrous lintless with linted; there were 


Glabrous 

lintless 


Tkesa may fce regarded .3 sampled of the same popnlation sto 

Ij,,-. »=1 and P is "about 0'5. In tko two groups there weie m aU 60 Unted . 40 g 

483 tted: 136 glabrous lintless, a considerable deScienoy o glabrous Untie., 

ita : ' . t . . /^.AfT oii-kA iR suffsestive, but, hardly significant, and 


± 9 .^ linted: 135 glabrous iinries^i, / -.v . -z: ^ 

'' v2=3-28ft=l F=0-07. The dtoncy is suggestive, but, hardly sigmficant, and 

» noteworthy that it occured chiefly in the 1932 famdies (Fg). 

'^: LtissuJstedthat the deficiency of glabrous in doubly hrterozygous 

■ ’ ^famiL is imost all accountable to the ff h« h« class, and tha*. the seasonal 

difference pl?sorved in HManfi&s is marked. 



THE INHERITANCE OF * LINTLESS * fN ASIATIC COTTONS 


Further investigation is required into the behaviour of double heterozygotes 
but the results obtained are in general agreement with the genetic hypotheses 
advanced to account for the behaviour of the two types of singly heterozygous 
families if allowance is made for differential viability among the extracted geno- 
types. 

Discussion. 

The three lintless strains studied are probably aU recent mutants. The origin 
of the Dharwar strain is known. The two moUmni strains originated in commer- 
cial fields but there is only one occurrence on record of each strain. 

A lethal, such as hairy lintless with a heterozygote often at a disadvantage^ is 
most unlikely to spread in a commercial crop. Contamination of a commercial 
strain of cotton by a deleterious recessive gene occurred in Sea Island cotton^ where 
' crinkled dwarf " persisted in field cultivations before the organization of an improved 
seed supply. The vSame gene is also reported to have occurred with considerable 
frequency as wrinkled leaf '' in certain Egyptian strains. 

It is conceivable that glabrous liutless might persist to the detriment of a 
commercial variety, if cotton were growm continuously on the same land. Any 
kind of rotation would automatically eliminate it, since naked seed would never be 
picked, and would simply drop on the ground round the parent plant. 

The lethal hairy lintless is of considerable genetic interest. It resembles the 
deficiencies reported from Drosophila, caused by loss of a short length of chromo- 
some and causing a somatic abnormality when heterozygous and death whan 
homozygous. Deficiency types are also usually of low viability when heterozygous. * t / 
Such a gene is usually termed a dominant ^Methal. Thece seems to be no ' 


justification whatever for the term, since the only known characteristic of the ' ^ ' 
homozygote is its lethal action, in which the heterozygote differs from it. Sixtee ' . 

the heterozygote differs from the normal, it is reasonable to suppose that it is in T 
some W''ay intermediate, as for example, the heterozygous creeper fowl is intermediate 
in development between the normal and the lethal homozygote, as shown by dissec- 
tion of lethal embryos [Landauer, 1932]. 

SUMMABV. . . . . ' 

(1) Two types of lintlessuess are described and their beboviour demonstrated. ^ 

(2) The results obtained are interpreted as resulting from the action of two , 

■; genes.'^' ■ • . , , , 

(a) lethal in the homozygous condition, and giving rise to a hairy ; ' ; 

lintless type which is rather weak when heteroasygous. " ' 

(b) , recessive to normal and giving a completely glabrous plant, with 
only a very few short hairs on the seed. 


im 
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(3) Tbe origin and possible influeuco of tlae two genes is discussed. 

(4) Tlie use of tbe term “ dominant ” for a lethal gene with a heterozygote 
difiering from the normal is discussed and its inaccuracy pointed out. 
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SELECTED ARTICLE 


THE PRESENT POSITION AND EUTUEB PROSPECTS IN. RELA- 
TION TO THE BIOLOGICAL CONTROL OF PRICKLY PEAR. 


ALAN P 4 DODD.* 

[ Reprinted from the Journal of the Oouneilfor Soientijio and Indusiridl Eeseardt, 
Vol. 6 , No. 1 , Pebrnary, 1933.] 

The report that follows has been prepared by the Officer-in-CSharge of the 
Commonwealth Prickly Pear Board’s investigations, and has been made available by 
that body for publication. The Board is financed by contributions from the Council 
for Scientific and Industrial Research and the States of Queenaland and New South 
Wales in the proportion of 2 : 1:1. At present, it is constituted as follows : — W . 
L. Payne (Queensland Department of Lands), (Ghairman) ; G. Lightfoot (Council for 
Scientific and Industrial Research) ; Professor E. J. Goddard (Council for Scientific 
and Industrial Research); and G. D. Ross (New South Wales Departatent of 
Agriculture). 

The work described in the report has been particularly successful, and quite an 
outstanding instance of the economic value of scientific research. This will be 
obvious when it has been seen from the report that the original pear inf^tation 
of 60 million acres — ^an area slightly larger than the whole State of Victoria, and also 
very little less than the total area of Great Britain and Northern Ireland — ^has aU 
been attacked, and that with care there is every prospect of entirely ridding 
Australia of the pest in a comparatively short time. Science can thus fairly claim 
to have almost redeemed to Australia, and at a compratively infinitesisnal cost, a 
province of the size of the State of Victoria, and one which bade fair to become 
utterly useless.— Ed. 

SxJMMAfiV. 

The past three years have brought a very great change in the pti^y-peat 
situation. Widespread destruction of the pest has followed the general ffitablish- 
ment of Gaelobhstis, to such an extent that the greater part of the original pear has 
collapsed in Queensland and the northern areas of New South Wales, In 
Queensland a vigorous policy of the development of pear Isaids for closer settlement 
is being pursued — a wonderful tribute to the efficiency of insect destruction, 

■ ■ ' • Offloer-in-oliaTge of the Oonunoawealth PrioWy Pear Board’e mveat^tions. 
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But there is still particular need for scieutific research aud investigation, 
Ke-growth, which invariably springs up after the initial collapse of prickly-pear, 
is a feature of the situation in many districts. Although OaGtohlaBiis destroys this 
^ ■ secondary wave of the pest readily, the Board is making a special endeavour to 

^ establish other insects for its more rapid control. Natural parasites kill a 

' percentage of the Cactobhstis population; mortality from these agencies is not a 

, serious factor and does not appear to be increasing ; nevertheless, the question 

< demands continued study. In the Hunter Biver districts of New Soath Wales, 

I “ insect destruction has been much slower than elsewhere, but is now giving promise 

* of eventual success. 

The tiger-pear, Opuntia aumniiam, which spreads very rapidly, is being made 
: ; the subject of a special investigation tor the introduction of its particular insect 

1 : enemies. The tree-pear position in Central Queensland is being 

I : watched carefully. 

‘ In conclusion, it should be emphasized that the biological control of prickly- 

i pear has been, up to the present, an outstanding success— a success that could 

; , hardly have been visualized five years ago. 

I. PBoaEBss TO May, 1929. 



The last publication by the Board dealt with the progress of the biological 
. control investigations to May, 1929. At that time, cochineal was generally 
. established throughout the pear areas : it had considorably reduced the height and 
density of the pear infestation in the heavily-timbered brigalow and belar scrubs, 
and had brought about very effective destruction of Opuntia stricta in Central 
Queensland. .The prickly-pear red spider, had co-operated 

with cochineal in the thinning out of the dense pear in the scrub areas. The plant 
bug, Ghelinidea tcibulaia, was established in enormous numbers at many points, 
where it was assisting to cd’ntrol the fruit and new growth of the pear. The 
large-scale distribution of Caclohlastis cactorum had been commenced ; around some 
of the centres where the earliest experimental liberations in 1926-27 of this insect 
bad been placed, the dest.uiction of the pest over areas of from a few to 1,000 acres 
indicated, in some degree, the remarkable progress that might be expected in the 
near future. But the greatest suC/Cess had been achieved in the virtual checking 
of the spread of the pest, a huge increase estimated at nearly 1,000,000 acres 
annually, as a result of a combination of insect activities and of energetic poisoning 
methods adopted or enforced by the State prickly-pear organizations, 

r « * 2. PBoaBBss mNOE MayJ 1929. 

The eampai^ of distribution was carried out on a most extensive 

fwe between the Board and. State authorities, and was practically 


I, ' ' 

• ' 1 * 4 ; . 
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completed by the end of 1930, when 3,000,000,000 eggs of this insect had been 
released throughout the length and breadth of the entire pear area of QueenslapUd 
and New South Wales, either by direct Government action or through supplies 
given free of cost to land-owneis. "So quickly did CcKstohiustis become established 
that, by the end of 1931, it could be said that it existed on praoticaEy every acre 
of the tremendous pear infestation of both States j and so rapidly did it increase 
that widespread collapse of the primary pear followed its activities in every diaferict 
except the more southern pear area of New South Wales. 

Thus the past three years have witnessed a very cudden change in the 
prickly-pear situation. The success of Gdctc^i^stis has heen most spectacular. 
Over enormous areas the original dense pear, that had flourished unchecked for years, 
has been destroyed. This statement is not intended to convey the impression that 
the pest has been completely annihilated, for a secondary growth is present in 
greater or less degree ; the re-growth question will be discussed more fully in a 
special section of this review. As an example of the remarkable progrm achieved 
by Cacloblaslis, one instance may be given. In August, 1930, the oontinuous and 
almost unbroken pear belt along the Moonie River, Southern Queensland, showed 
for 150 miles no destruction, and so light an infestation of Cacloblaslis that further 
distribution was considered. However, the increase of the insect was so rapid 
that ill August, 1932, two years later, 90 per cent., of the primary pear had disap- 
peared. In Queensland, the chief remaining large belt of the two pest pears, O^anMa 
inermis and Opuntia stricta, is between Goondiwindi and the Moonie River, Rroh* 
ably 80 per cent, of Queensland’s dense primary pear has been destroyed. Tery 
fine results have been achieved in the North-west and the Pilliga State Forest are^ 
o£ New South Wales ; it is estimated that the primary pear has been reduced in 
all pear districts of that State, excepting the Hunter Valley and Camden districts, 
by from 50 to 60 per cent. 

But as the effectiveness of Cadcblastis has increased, that of the other pear 
insects has diminished. The dense concentrations of CheUnidea tabuhta have 
decreased in the past two years to rather scattered numbers. Red spider, as ^ 
effective controlling agency, no longer counts. The sphere of usefuln^s of cocM- 
neal has been restricted to the sporadic destruction of new growth. The favorable 
results at the present juncture can be attributed mainly to the work of one imsect, 
namely, Cacloblaslis. 

3. Reclaimino oe the land. 

The Queensland Government immediately took advantage of the first wide- 
spread destruction of prickly.-pear to promulgate a comprehermve seheme for ths 

development for pastoral, grazing, and agricultural purposes, of land r^neved from 
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the pest by insect agency. The programme is being pushed forward expeditionsly. 
Already 1,514,881 acres of pear land have been re-seleebed for mixed farming opera- 
tions, and 1,701,308 acres for grazing, all with development conditions. Bing- 
barking and falling of the useless timber, the clearing of roads and fence lines, and 
the erection of fences are proceeding apace. The homes of new settlers have made 
their appearance. Artificial grasses are being sown as the clearing of the timber 
progresses. Crops have already been grown successfully. 

This marked evidence of progress is an outstanding tribute to the success of the 
biological control campaign. ’Within the next few years, great areas of former 
useless pear land will be brought into productiveness. The many new settlers will 
mean the growth of townships within the former prickly-pear area. Indeed, at 
Chinchilla, a new butter factory, shops, etc., already point to greater expansion in 
the neat future. 

The development of pear lauds, except in the case of a few small areas, has 
been possible within the past two years only. Hence the work of bringing the 
reclaimed land into productiveness is as yet in its initial stages. 


4. The OTHER SIDB OF THE PIOTXTBE. 

The spectacular destruction of Qactoblaslis has tended to give the impression 
that the prickly-pear problem has been completely solved, and that no further re- 
search work is necessary. When the extent of the coUapse of the primary peat is 
realized, and when mile after mile of dead and rotting pear is viewed, the tendency 
to magnify the admittedly wonderful results and to overlook the incompleteness of 
the destruoticn is natural. It is therefore necessary to point out in what manner 
the destruction is incomplete, and to indicate the many aspects of the problem 
that require continued attention. 

(i) Be-growth.—GsbTQ has been exercised in the foregoing sections of this article 
to distinguish the destruction by Oacioft tow as the coIla|»e of the primary or 
original prickly-pear. But this destruction, spectacular as it has proved, is far 
from meaning the complete annihilation of the pest. Immediately after the initial 
collapse of the pear, one sees nothing but dead pear for a few months. The butts 
and roots, however, have not been completely destroyed, and when the growing 
season of the plant, September-December, arrives, re-growth appears. A secon- 
dary growth is not peculiar to insect destruction, for it invariably springs up after 
poisoning operations among dense pear. 

. In the early days of Gactoblastis progress, re-growth was not a pronounced 
j,, fea'tare. '■ The separate areas of desticuotion were not extensive, and the insect 
I populaiuon in the suirouuting standing pear soon overflowed on to the new growth, 
and Imraght ' about its control rapidly. But when the activity of Caotoblastis 
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tocompassed tto collapse of tlxe whole or major portioa of the primary pear ia a 
district, the population of the insect suddenly dropped through starvation to very 
low numbers, and the small residue was quite inadequate to destroy the recurring 
growth immediately. 

The first big wave of re-growth arose in the early summer of 1930. In anany 
areas, it was subjugated during the summer by Oactoblastis, which occurred in 
very largo numbers in other portions of the same districts. However, in the 
Ohinohilla district, the vigorous re-growth flourished unchecked throughout 1931 ; 
the Gactoblastis infestation, at fiirst very light, increased in each succeeding genera- 
tion, and the new growth was brought under control in the 1932 winter, or nearly 
two years after its appearance. 

Another example of the control of re-growth may be given. In December 

1931, a very dense and vigorous re-growth over several thousand acres on the 
eastern side of the Mungle Scrub, Hew Souldi Wales, had reached the fruiting 
stage. The Gactohlastis population, which must have been light indeed eighteen 
months earlier, was now most satisfactory. Six weeks later, at the end of January 

1932, the whole of this re-growth had collapsed. 

following the great [advance of destruction of primary pear, the recurring 
growth of the 1931 summer involved very considerable areas. Much of this secon- 
dary wave of the pest still flourishes, fifteen months later, and in places has re- 
cently flowered and fruited. However Gai^ohUstis is present wherever re-growth 
occurs. This succulent type of pear is the most favorable medium for tihe rapid 
increase of the insect, and there is no reason to expect that the control of cbdsting 
areas ot re-growth will not be brought about within a short space of time. ^ "" 

Central Queensland, for some reason, possibly because of dry winter and early 
summer months, re-growth has not attained dense proportions and has not escaped. 


summer monms, re-gruwuu iiiis uojt ax/taxnea aense propor^ons ana am am escapeu, , 
even if temporarily, the attention of Gactoblaslis. ^ 

In June, 1931, the Board decided that, although the prospects of contrdl by ' n 
Cactoblaslis were exceedingly hopeful, it would be unwise to leave the eventual 
control of re-growth to Gactobhstis alone. Hence a programme for the introduetioii , ,1 
of new strains cochineal was commenced. Supplies of these insecte have been ' ‘ 
secured from several places in America, and are being reared, with a vieu to ihm 
distribution in the near future. Furthermore, an endeavour is being made to ^ „ v 
import from North America a particular insect, Mimorieta, the caterpillars ot which 
feed on young growth solely. With these insects co-operating with GamblaMu, 
it is hoped that more rapid control of re-growth may be brought about. r 

{ii) Natural enemies of Cactoblasiis . — The f utme of CackUast%s depends upon 
the extent of the controlling influences exercised by disease and parasitic agencies. 
Disease organisms are always present among the larvae, and have at times assumed 
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serious epidemic proportions. However, as outbreaks are sporadic, and appear 
to be restricted to localities where the larvae are heavily concentrated, diseases are 
unlikely to bring about control of this insect. 

Several native parasites have already turned their attention to OactohhsiiH, 
and two have assumed some importance. The investigation of the habits and 
the controlling effect of these parasites is an important phase of the Board's work. 
Records of the degree of parasitic attack are gathered from many different localities, 
in order that the general position in the various districts may be gauged. At 
present, the control by parasites averages 15 per cent, in Central Queensland and 
North-west New South Wales, 6 to 10 per cent, in Southern and South-west 
Queensland, and 20 per cent, in the Hunter River district, New South Wales. 
Thus, parasites are not exercising any important degree of control. In the past 
two years, the percentage of mortality from parasitic attack has not incu'cased, 
and there is no reason to anticliiate that it will increase in the future. If 
Cactobhstis were ever to be rendered impotent, it would mostly probably be due 
to the controlling action of parasites. Hence it is essential that scientific observa- 
tion and investigation should be maintained on this important question. 

6. Other PROBLEMS. 

The re-growth situation, and the extent of parasitism, may be considered 
the main question of the future, since they are pertinent to the whole of the 
prickly-pear area. There are, however, various other problems of a more or less 
sectional nature. 

(0 The Hunter River situation . — Although large-scale destruction of prickly- 
pear is being secured over the major portion of the infested area, there are certain 
districts where Gactobhstis and other prickly-pear insects have not given entirely 
. the same favourable results. The largest of these sections is the Hunter River 
Valey, where the dense pear . infestation occupies probably 2,000,000 to 3,000,000 
acres. The Hunter River situation has been, for the past two years, the subject 
of a special investigation by the Board. It has been ascertained that the slower 
progress of Cactohlastis is due to a combination of climatic factors and of soil 
conditions affecting the greater portion of the pear in this area. Until 1931, the 
results of the extensive distribution of Cactohlastis had been disappointing, in that 
/ the insect had failed to become established generally. In the past eighteen months, 
however, OactMastis has made appreciable progress ; areas of destruction some- 
what limited in extent, occur at various points, while a light infestation has become 
fairly general throughout the disferkfe. It is hoped that this progress will continue, 
and that eventually the Hunter River pear will be brought under control. 
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(t'A) Tiger-fear {Opuntia aurantiaea). — This plant occurs in many places in 
Queensland and New South Wales. Although the total infestation is not very 
great, possibly not more than 26,000 acres, it is increasing rapidly, the rate of 
spread being much greater than that of the main pest-pea.rs. Moreover, the applica- 
tion of poisoning methods has not succeeded in coping with this dangerous plant, 
which is a very serious pest in South Africa. 

Cactoblastis will destroy the upper growth, but not the underground bulb. The 
recuperative powers of the plant are so great that a few months after its apparent 
destruction it has regained its former size. When the failure of Cactoblastis to 
control this pest had been ascertained, the Board despatched two officers to South 
America eighteen months ago to undertake a special , investigation of the insect 
enemies of 0. aurmtiam and its near allies. A strain of cochineal attacking 
0, aurantiaca^ has recently been received from the Argentine, where other insects are 
being studied, with the view to their early introduction inta Australia. 

(Hi) Tree-pears. — Extensive areas of tree-pears, Opuntia tomentosa and 
0, sHeptaeaniha, more particularly the former, occur in Central Queensland. In the 
case of 0. sireptaeantha, a special strain of cochineal from Mexico is succeeding 
in destroying the young plants, and is causing damage to the large plants. 

As regards 0. tomeniosa, Cacloblaeiis will destroy the young plants, but will not 
attack the larger plants. The control of the seedling plants would seem assured 
while Cactoblastis is present on sincta and inermis in the same district, since there 
is always a suitable food supply for the caterpillars, and the resulting moths will 
deposit eggs on any young 0. plants that may arise. Hence, the sp^read 

of tree-pear is prevented, and the large plants must gradually die of old age. 
in the event of the 0. and 0. inemu iiafestation being eradicated, the control 
of young tree-pear may cease, and it may become necessary to take further stei)s 
toward the introduction of particular insect enemies of this plant. 
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green ciaorophyll. The authors have described a new type wmcn iney aay» ^cu 
The plants arei-eenish yellow when young, due to a partial deficiency of chloroijyll. The chloro- 
phyll gradually increases in amount so that at matm-ity these plants are not i-eajly distmgmshable 
from Srmal green plants. Ked-leaf cotton is produced by the distribution of antaocyanin pigment 

tliroueliout tbe plant. ^ -r j mi. j : 

Data are presented confirming tbe results secured in G. hrsutum by tendon, Thadani. 
Waie and cJver which indicate that red leaf is a simple dominant to green. The F, hybrid is 

light red and the segregating generations show single-factor inhentance. It is 

from the experiments of the anthers that two factors are concerned m producing these colours, one 
of which is common to both. Thus red may be designated as RV and normal green as tV. 

A similar mode of inheritance was observed in crosses between virescent yellow and nomai 
green which are both free from antbocyanin pigment. The Pj hybrid was green, ihe virescent 

vellow is thus functioned by rv and green by rV. . , j 

Tiresoent yellow, crossed with red leaf, gave P^ hybril light rea\nd the P, genCTatiou showed 
that these colours differ in two pairs of factors which arc inherited independently. gmng rise to two 
new phenotypes, efo., bronze and gi-een in addition to the parental forms, mz., vmesoent yellow and 
red. Expectations were fulfilled in the P, generation. The genotype of the origin^ red-leaf paient 
was RRW and that of the virescent yellow rrw. The green segregates were rrVV or rrVv. i he 

bronze segregates were due to tbe action of the red-leaf gene Ron virescent yellow and were of the 

o'enotvpesRRw which is dark bronze and Rrw which is light bronze. All four pigments, anth^ 
^nin, ehlorophyll, xantl ophyU and carotin are present in bronze plants and combme 
proportions as to produce this colour type. Mature bronze plants are practically mdistinguisbab e 
from red-leaf plants. In the P* generation some dark red plants RRW bred trim and others 
RRVt split into dark red and dark bronze. All tbe light red plants, RrW and r v, s owe 
splitting according to expectations. The dark bronze plants, RRw ,red teuo and the light bronze, 
Btw -ave dark bronze, light bronze and virescent yellow. Some of the green plants, rrVv split 
into green and virescent yellow as expected. There was no homozygous green plant, irW, m the 
cultm-e. All the virescent yellows, rrw, bred true. _ e - i - 

In short bronze is a red on virescent yellow, while red is a red on green. This m ode ot inlieii- 
tance in this cross is a case of interaction of two factors, which are independently inherited. One 
parents*., red leaf combines two dominants and the other parent, «*«., virescent yellow,^ two 
rwessives. The new segregates or the extra parental forms combine a single dominant and a single 
repessive. The presence of one dominant gives rise to bronze and that of the other to green. 
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A p»33ible bioloj:lcal control ot the clover spriagtatt ot lucerne flea {Sminthmas 
viridis L.) in Western Australia. H. Womerslev, A.L.S* (./. Goumil 

for 8%enfifiG and Industrial Research, Vol. 6, No. 2, May 1933). 

1. In certain areas of Western Australia, a species of Bdellid mite, Biscirm lapldaHus Kramer, 
possibly an introduction from Europe, bas made its appearance in paddocks infested with the clover 
springtail (lucerne flea), Sminthurm viridis L. 

2. Eield observations extending over two years have shown that this mite is an active predator 
on Sminthnrns, and reduces the population to negligible proportions within a comparatively short 
time. 

3. Transportation to other areas has been partially successf al and the areas have been cleared of 
Sminthurus. 

4. As the breeding up of the mite in large numbers doas not seem feasible, specimens can best 
be transfeiTed from localities where active attack is proceeding* 

5. The species, its immature stagey and partial life-history, are described and figured. 
{Author's summary)* 
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NOTE 

mONAL OEGANISATION OP GHEMICAL 
DOCUMBNrATION. 

{49, Rue des Maihurins, Paris 8e.) 

have of late assumed more and more 
meats increase on all sides in such num- 

lifficult to gather useful material for the 
es that deal permanently with the regis- 
3uments. Now the coordination of the 
lernational basis has become 
their work efficiently . 

was taken in 1 & 82 , in the scientific 
e international cffi.ee of che- 

rreated^y international convention, and having its headquarters in Pans. 

Its first act was the summoning of a Conference of Experts, which included 
the following personalities : Messrs. E. Donker Duyvis, Member of the Council of 
Patents, Tlie Hague; P. Dutoit, Professor at the University of Lausaane; E. 
Haber, Director of the Kaiser-Wilhelm Institut fiir Physikalische Chemie und 
Electrochemie, Berlin; E. Hauser, Member of the Academy of Science, s, Madrid; 

Ch. Ma.rie, Secretary General of the Comity International des Tables Annuelles do 

Constantes, Paris ; N. Pacravano, Member of the Academy of Italy, President of 

theComitatoNazionalediChimica, Kome; G. Peny, President of the Federation 
of Chemical Industries of Belgium, at Brussels ; J. C. Philip, Professor at the Impe- 
rial College of Science and Technology, London. 

The work of this Conference of experts led to the adoption of a certain number 
of recommendations fixing the three principal tasks of the Office . ^ 

I.— To render accessible to all interested persons the already existing documen- 
' tation, accumulated in the various centres, depots and collections. 

Po guide the chemical documentation which is in course of production, in 

such a way as to facilitate its registering, filing and difiusion, by methods found to 

be the best. , . ^ v • + 

III.— To ensure coordination between the documentation relative to chemistry 

and that concerning other scientific knowledge in the field of international docu- 

gwataHOB.-' ^ 

' Thanks to these varied operations, the users of such documentation will nna 
that all over the world a practical and rational organisation of documentation in 


Questions concerning do 
importance. Scientific and t 
b.crs that it becomes more 
benefit of inquirers. There a 
tering, classing and difiusion 

respective activities of these institutions on an inti 
necessary in order to permit them to carry on 
As regards the province of chemistry a step 
and teclmical spliere, by the entry into activity of th 
mistry, ci 










NOTICE OF BOOK 


The Sutlei Deodar : its Ecology and Timber Production. By R. Maolagan Goebie , 

D.So, {The hdian Forest 'Records, Silvicultural Series, Yol. XVII, Part IV, 

1933, pp. 140. Government of India Publication Branch, Calcutta.) 

Es. 3-2-0 or 5s. 6d. 

Ihis publication w of special interest as an ecological study of one of the most 
important of Indian timber trees—deodar. The author’s ‘ Introduction ’ and ‘ Sum- 
mary , which are quoted below, give a brief outline of what has been attempted 
in correlating the timber value of this tree with the local vegetation which grows 
along with it. 

Intboduction. 

The object of this paper is to trace the relationship between the plant asso- 
ciates of the deodar and its value as a timber tree. The deodar (Cedrus deodara 
Loudon) is the most valuable tree in the Forth-West Himalaya, and the Sutlej 
Valley forests are one of the main sources of its supply for the markets of Northern 
India. 

The deodar occurs in a belt of forest along both sides of the Sutlej Valley stret- 
ching from the outer hills of the Lesser Himalaya to the Tibetan border, and it 
grows under climatio conditions varying from the heavy monsoon of the outer hills 
to the arid country behind the main ranges of the Himalaya, whose precipitation 
consists almost entirely of winter snowfall. The plants associatetl with the deodar 
vary greatly between these two extremes, and the correlation of th^e plants with ; 

the varying capacity of the deodar as a timber producer Aould serve a useful pur- 
pose in clarifying our knowledge of Himalayan sylviculture. - 

The identifications were made in the field with the aid of Parker’s Forest Flora 
for the Punjab and N. W. F. P. [1924], which deals with trees and shrubs only, and 
of Collett s Flora Simlensis [1902], which covers only the moister areas of the outer 
ranges. No systematic collection of herbarium specimens was made, but many 
plants were referred for identification to Mr. R. N. Parker, Forest Botanist, Forest 
Research Institute, Dehra Dun, whose help I acknowledge most gratefully. , : ■ 

This paper was submitted as a thesis for the Degree of Doctor of Science oi 
Edinburgh University in May, 1930. 

SUMMABY.. . ^ 

1. The habit of growth of the deodar {Cedrus deodara Loudon) alters entirely 
between the two extreme conditions of monsoon rainfall in the outer hills and 
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winter snowfall as tlio only precipitation of the Tihetan border. In the outer hills 
it keeps to tlie best drained spurs and ridges, while in the inner hills it seeks the 
gentler slopes and cooler aspects which retain their snow-beds longest into the 
spring. 

2. The plant associates of the deodar alter completely between these two 

extremes, except for the blue pine {Pinm escceUa Wall.) which accompanies the 
deodar throughout and retreats uphill toward the snow-heds of the inner ranges in 
a similar manner. * 

3. The deodar’s capacity as a timber producer altera markedly with chmatjc 
changes, and these alterations have now been correlated with the changes in itr 
plant associates. 

4. For practical use in the field, the deodar itself is the best indication of the 
qnfility class of any existing crop, and it'is proposed to employ vegetation lists only 
in the determination of the site quality class, where the existing crop is an abnormal 
one. The plants which indicate optimum conditions for deodar may he sum- 
marised as follows s— 


Moist Zme (de^ar in mixed crops with spruce and blue pine). 
Adiantum capillus-veneris, laim. and venustum, Don. 
Ainslisea apti^ DC. 

Amndinaria m^ta, Nees. 

Asparagus filicinns, Bach.-Ham. 

Ftagaria vesoa, Linn. 

Primula dentienlata, Sm. 

Smflax parvifolia, Wall, aud vaginata, Decue. 

Spiraea bella, Sims, aud vestita, Wall. 

Urtica dioica, lanu. 

Viola patrinii, Ging. and serpens, Wall. 

Wulfeuia amherstiana, Benth. 

Dj^ ffwd ilfidZunca (deodar in pure crops). 


Artemisia veetita, Wall 
Asparagus gracilis, Boyle. 

Astragalus ohlorostaohys, Lindl. 

Atropa belladonna, Linn. 

Bupleumm oandollii, Wall, and lanceolatm 
Deamodium tilisefoiimn, 6. Don. 

Fmgatia vesca, Linn. 

Indigi^ra geiardiana. Wall. 

Iffiian poh^ylltaa, D. Don. 
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Polygoiiattim maitiioram. All. anS veifeiBaitott, AB. 

Polygonum iffime, D. Doa. said ntoBo, D. Don. f: ' ' , ‘ " 

Thalictrum foliolosum, DO., javanicum, Blume, and minus, Linn. ' , ^ . 

Viola patiimi, Oing. and serpens, Wall. , •: - ■ 

6. In employing the vegetation lists presented in this paper, tie ground flora in 
any given deodar crop or plantmg area should he studied and compared with the 
listed normal for the area, according to its position in the moist, dry, or arid 
zone, and the peculiarities of the common plants should be referred to in the 
analysis (Chapter VUI). 

6. As the ground flora of deodar crops with a canopy consists largely of herbs, 
it follows that the whole of the ground cover, including herbs, ferns, and grasses 
as weU as ehruhs, should be studied for guidance in sylviculttiral work. ^ , 

7. Experience has shown that the drier types of deodar forest require a dower 
and more gradual method of regeneration than the orthodox Shelterwood Syifeem, 
and that marking for fdling must be governed largely by the necessity for jwcovidmg 
side shade against the hottest snn until young crops are established. A stndy of 
the component plants of the ground cover will give useful indications as to th$ 
amoimt to which any given crop should he opened up. 
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